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27 PREFACE 


This is the tenth translation of the book into a foreign language, 
which I am pleased to present now to the English reader. In 
addition to the three Russian editions of 1970, 1973, and 1982, the 
book was published in Ukrainian, Bulgarian and Slovakian in 1972; 
in Lithuanian, Czech and Spanish in 1973; in French in 1975; in 
Estonian and Hungarian in 1976. 

The preceding translations saw no significant revisions. 

A personal index with 150 short biographies of the scientists, 
engineers, inventors, doctors, athlets, chess players, poets, authors, 
and philosophers mentioned in the book was added to the Estonian 
edition on “Valga” Publishers’ initiative. 

Cybernetic Medley has attracted the attention not only of 
ordinary readers but that of the scientific world as well—a surprising 
and pleasant fact, I must confess. The book is referred to in 
Cybernetics and Modern Scientific Cognition, a treatise published by 
the Institute of Philosophy of the USSR Academy of Sciences; in 
a work prepared at Moscow University on the philosophic aspects 
of cybernetic modelling; in the monograph Cybernetics and Music by 
the mathematician and musician R. Kh. Zaripov; and elsewhere. Over 
twenty reviews of the book have appeared to date, some of them 
penned by scientists. 

The book evidently owes much of its success to the fact that it 
appeared at the right time. After a period of outspoken distrust, 
cybernetics became an issue so much spoken and written about that 
the pendulum seemed to be swinging to the other extreme. The 
book’s genre has also contributed to its success. It gave me a free 
hand in selecting and elucidating topics. 

I can’t help but mention Academician I. Artobolevsky, my 
scientific advisor, and Academician Axel Berg, then the Chairman of 
the Council on the Problems of Cybernetics of the USSR Academy 
of Sciences. I enjoyed their support from the moment I started the 
book. Berg not only discussed all sorts of things with me, but he 
kindly placed many documents, publications, and personal records at 
my disposal. 

Readers suggested in their letters that a lot of other “reasons to 
discuss cybernetics” could be highlighted in the book. Their view 
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was also shared by some reviewers. Claims of this kind were 
justifiable and not inconsistent with my original intentions, but 
difficult to realize in practice. It was also hardly advisable to alter 
the book’s structure after so many editions. 

However, in preparing the book’s third Russian edition for the 
translation into English, I felt it my duty to introduce some fresh 
ideas. Academician Boris Petrov, Vice-President of the USSR 
Academy of Sciences, Chairman of the Scientific Council on the 
Problems of Cybernetics, gave me a helping hand. During our, as 
I called them, “cybernetics on the upgrade discussions”, we paid 
attention to the practical implications of cybernetics (use of 
industrial automata and robots, computers and microprocessors) and 
to the ways of reorienting the concept of cybernetics so as to solve 
problems that life poses before us. 

Pm deeply grateful to Professor Boris Biryukov, D Sc (Phil), and 
Professor Dmitry Pospelov, DSc (Eng), for their assistance in 
preparing the manuscript. 

The reader may be familiar with the English translation of my 
other book on cybernetics Cybernetics from A to Z which was also 
published by Mir Publishers in 1974. I strived to write a book that 
was entertaining to the brink of humour and encyclopedic at the 
same time (the presentation of the text in alpha-betical order served 
this purpose). Cybernetics from A to Z was in fact a three-faceted 
book which could be read, studied, and consulted. 

Cybernetic Medley is incomparable to Cybernetics from A to 
Z in many respects. First of all, it’s the composition. Cybernetic 
Medley is a sort of digest, a compilation consisting of eventful short 
stories about cybernetics and related things. Free-style presentation is 
another feature of the book which bears the subtitle Impressions, 
Godsends, Incidences, Notes, Reflections, Things that were Heard of 
and Seen—a Variety of Reasons to Discuss Cybernetics to prove this. 

When a book on cybernetics appears in English, extra 
responsibility falls to its author. English literature on cybernetics, 
both scientific and popular, is abundant. The works by such leading 
authorities as N. Wiener, W.R. Ashby, C. Shannon, G. Walter are 
well-known and so are the books by J. Murphy, D. Fink, 

A.M. Andrew, A. Kout as well as the philosophical treatises by 
M. Taube and Kh. Dreyfus. 
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I present my book without hesitation, for it reflects Soviet 
achievements in cybernetics and computer technology. They are 
impressive and may stir interest, especially among those who are 
keen to learn about the research methods practised by Soviet 
scientists. 

I endeavour to reveal in the book, as far as this is within my 
power, the general atmosphere that exists in Soviet science around 
cybernetics and the way the Soviet reader feels about cybernetics. 
The enthusiastic and businesslike approach to cybernetics which has 
made startling headway may appear to be instructive. 

Taking all this into account, the English edition of the book 
has been supplemented with the chapters “Leonardo da Vincis of 
the 21st Century” and “To be Continued”. The chapters “Man’s 
Overhaul” and “On Ancestors and Predecessors” have been revised. 
This gives me extra confidence in presenting the book to the 
English reader. 

It will be noted that the book is illustrated by Anatoly 
Giorgadze, DSc (Eng), Head of the Automata Department, 

Institute of Cybernetics, Georgian Soviet Socialist Republic. Together 
we enthusiastically designed the funny pictures in anticipation of the 
reader’s appreciation. 


Victor Pekelis 
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Three great discoveries mark the last twenty five years of our 
century: the unleashing of atomic energy, the conquest of space, and 
the birth of cybernetics. However, unlike the two former events 
which were frontpage news from the onset, the advent of computers 
and cybernetics hardly attracted anybody’s attention. Then came 
radical changes. In contrast to some monographs and early popular 
books marking cybernetics’ tenth anniversary, which superseded the 
strictly scientific works of the years of its infancy, a varigated suite 
of diverse books appeared on the scene to herald cybernetics’ 
thirtieth birthday. Diverse in both genre and character, these 
multi-faceted books covered a wide spectrum. They dealt with all 
sort of things, discussed every topic ranging from the “machine is 
reasoning instead of us” to “the machine is reasoning for us”. 

All these books are read far and wide. The reason is that we 
are witnessing cybernetics’ prime years—a science which caused so 
many rumors, sensations and disputes. Cybernetic literature stirred 
interest because of its tendency to shed light on such intricate things 
as the computer, the brain and society. 

Gone has the time when cybernetics meant everything to some 
people and nothing to the rest. Today many of us realize that it 
has fallen short of our somewhat hasty expectations. Therefore, we 
want to examine both its successes and failures, to learn about the 
realistic bounds of cybernetics’ abilities. 

To unveil them should be the main objective of an author of 
a book on cybernetics. Yet, a utilitarian approach should be 
carefully avoided for the sake of an all-inclusive one that 
encompasses both reality and fantasy. People are fond of reading 
books on cybernetics not because they wish to produce 
a home-made computer, speak a computer language with their next 
of kin, or follow the guidelines of formal logic in their personal 
relations. However, to take a serious book into one’s hand, even if 
it is popular science, is a risk which not everyone is inclined to 
take. 

Therefore I decided to write Cybernetic Medley. A medley is 
a collection which needs no arrangement of any kind. It gives one 
great flexibility and permits one to deal with anything to one’s 
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liking: a serious article or an anecdote, an incident or 

a mathematical problem, a funny fact or a philosophical 
generalization, crude material or a finished short story. On the other 
hand, a literary medley isn’t a mere collection of facts. The material 
should be arranged in accordance with the laws of literature. The 
reader should get the feeling that the book is a unified whole which 
has a single conception and a main underlying idea that cements 
the material. He must also grasp the book’s philosophical content 
and get acquainted with scientific problems of current interest. 

In science, truth doesn’t lie on the surface. Scientific truths are 
out of the ordinary and always paradoxical because they are 
appraised on the basis of our everyday experience. This, as Marx 
pointed out, illustrates the deceptive appearance of things. 

To nullify the deceptive appearance of things and be thus in 
a position not only to see a paradox in a commonplace and 
a commonplace in a paradox, but to learn about cybernetics strong 
and weak points, the genre of the book gives the green light for 
bringing the distant closer, for letting concepts clash. 

The book’s genre makes accessible the interesting, the important, 
and the facinating. It facilitates an easy and natural switch from 
machine language to bionics, from chess to criminology, from poetry 
to history, from modelling to learning. 

The restless kaleidoscope of events, facts and paradoxes —diverse, 
multicoloured and subject-rich—may raise a smile but will never cast 
a shadow on genuine science. Even the slightest disrespect of science 
is intolerable, for science is the keynote of this book, its lyrical 
hero. 
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pei 

MAN: Did you like the rain this afternoon? 

MACHINE: No, I’m rather fond of sunny weather. 

MAN: When it’s hot, one needs to take at least one bath every day. 
MACHINE: Yes, I was just outdoors and suffered from the heat. 
MAN: At Christmas time the weather will be cold. 

MACHINE: Cold weather? Yes, it’s usually frosty in December. 

MAN: The weather is clear today, isn’t it? Will it last long? 
MACHINE: I don’t want to tell you lies, that would be more proper 
for a tradesman. How can rainy weather be clear? 

That’s how a computer answered man’s queries. 

A computer at the Laboratory of Experimental Phonetics, 
Linguistics Institute, Georgia (USSR), which had been taught to 
speak Georgian, continued to speak with A typical Caucasian accent 
even when programmed for Russian. 

Another computer from the USA which could identify sixteen 
spoken words without a hitch had difficulty in understanding 
a female voice and was absolutely intolerant of careless 
pronunciation. A noteworthy detail: it takes much more tape to 
record a female voice than it does to record a male voice. 

Funny, isn’t it? However this is not fun but a serious problem 
of man/machine discourse. 

The way we speak with computers suits them rather than us, as 
we use machine language, the language of programmes. Computers 
haven’t been taught anything else so far. A man/machine dialogue is 
now as complicated as a chat between two persons who speak 
different languages and have nothing at hand, save a dictionary. 

Claude Shannon, one of cybernetics’ forefathers, was concerned 
with this problem much more than anyone else. As he put it, our 
brain children think in a way which is quite different from our way 
of thinking: strictly, logically, free of figures of speech and 
associations. They don’t understand any natural language which 
sounds too colourful for them. Almost any colloqualism has several 
meanings, and the machine lacks intuition to identify the right one. 

This is a hang-up. You can’t give the machine a spoken order 
and therefore a coded language must be used, which wastes time. 
Machines which could obey our every word would be very useful. 
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Such machines could be very handy to typewriter operators and 
translators, typing and translating spoken words directly. If they 
could accomplish mathematical calculations in response to voiced 
orders, they would find application in industry, construction and 
transport. Every person would be compelled to enter into 
conversations with a machine, to speak with it, give it orders. 

We are on the brink of solving this problem. Man teaches 
machines to speak, and be all ears in the language of his own—the 
human language. 

It’s a formidable task. So it is not surprising that, at the 
Cybernetics Institute, Ukrainian Academy of Sciences, an elementary 
problem of man/machine dialogue couldn’t be solved in less than 
a decade’s time. 

The machine shouldn’t only be taught to recognize spoken 
words directly, that is without coding, but its own language should 
be developed to a point when it would truly resemble our’s. In 
other words, the machine must have a knack for what is called 
linguistic talent. 

To that end, it is necessary to overcome the contradictions 
between the language of machines and that of man, between 
accuracy and unambiguity on the one hand and freedom, flexibility 
and imagery on the other hand. 
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When we are speaking with a machine, a question of our’s 
triggers an external signal which is fed into the machine’s interior. 
The answer produces a signal that travels in the opposite direction. 
What goes on inside the machine in this case? 

Electric waves produced in response to sound waves by analogy 
with a microphone are received by a filter which sorts them out 
according to frequency. The filter output is compared to the signals 
which represent the equivalents of words stored in the machine’s 
memory. 

A modern machine which operates along these lines is capable 
of recognizing several hundred spoken words and may be able to 
handle phrases. Of course, that’s only a child’s prattling. The time 
will come when the machine will speak as an adult. 

So far, the machine reminds us of Petrushka (a character from 
a Gogol novel) who rejoiced over the fact that “letters always form 
a sort of word”. The machine must be able to get to the meaning 
of every word, grasp the figures of speech. That’s a more difficult 
task. 

In the USA, a programme respectfully named SIR has been 
tested. With the help of SIR, scientists have succeeded in obtaining 
from a computer an answer to the question “How many fingers 
does John have?”. The answer, as simple as the question, took, 
however, its heavy toll in terms of both time and effort. 

Way back in 1963, a young scientist, Andrei Ershov, then the 
head of the Programming Department of the Siberian Branch of the 
USSR Academy of Sciences and now an Associate Fellow of the 
Academy and a leading authority in system programming, came up 
with the idea of concluding a man/machine dynamic accord. What 
follows is Ershov’s explanation of the idea. 

Suppose a computer: has mastered a kind of input language 
which is a fairly good generalization of Russian. A person who 
doesn’t know the input language would address the computer in 
a manner which is natural and convenient for him. The computer, 
guided by the programme introduced into it, determines whether the 
text in question is understandable or not. If it is, it solves the 
problem. If not, the computer singles out the doubtful points and 
asks a series of questions. The man explains the ambiguities in 
other words but in the usual way which he feels is appropriate for 
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the moment. Upon substituting the paraphrasings received into the 
text, the machine asks more questions and obtains further 
explanations. During this dialogue, the man progressively simplifies 
the wording of the assignment until it is comprehensible to the 
machine. 

A conversation of this kind is comparable to the instruction of 
a slow pupil. The schoolboy, at pains to comprehend the teacher’s 
instructions, asks question after question, and the teacher answers 
them in every detail. In the case of a man/machine dialogue, the 
situation is much more compiex of course. The man adapts himself 
to the machine’s abilities, gets used to the machine, and the 
machine gets used to the man. 

Not excluded is, however, the possibility that the machine 
would comprehend the assignment in discord with the man’s wishes. 

Consider what takes then place in a conventional, 
“non-speaking” machine. The man, when he approaches the machine 
with a programme, isn’t absolutely sure that the programme 
conforms to the assignment. The elimination of errors from the 
programme is another man/machine dialogue in a somewhat 
different form. Spontaneous stops of the machine indicate that the 
assignment is inacceptable. By making corrections in the programme, 
we paraphrase the original text in order to render it acceptable to 
the machine in the end. 

Let’s return to the teacher/pupil analogy. The teacher who gives 
the pupil a new assignment uses every possible word in order to 
explain the essence of the problem accurately. In restating, however, 
a problem, the teacher expects either no questions at all or only 
those which refer to any inconsistency between the restated 
assignment and the original one. 

In a man/machine relationship, the machine must improve its 
“wit” with every new assignment. As a result, it won’t ask the same 
questions when given analogue assignments. In other words, the 
machine must keep in its electronic memory the records of all 
discourses with the man, and apply the knowledge thus acquired in 
subsequent operations. This is an ingenious way of teaching the 
machine human language. 

Andrei Ershov, who has developed this method, is a scientist 
who works hard and successfully in a tricky domain. He has 
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become a sort of symbol, a living embodiment of the concept of 
man/machine relationships. Ershov has formulated the ingenious 
principle of man/machine dialogue which establishes the pattern of 
the discourse. He has suggested that the so-called business prose be 
used in conjunction with natural language as a means of 
establishing man/machine contacts. The business prose/natural 
language combination is already used by people employed in the 
sphere of production. 

At a recent conference held at the Cybernetics Council of the 
USSR Academy of Sciences, Ershov presented a paper on business 
prose. After the conference he gave me a copy of his paper. He 
States that business prose is an offspring of process mechanization, 
automation and mass media. The machine should be taught to 
comprehend and accept it. Suitable fragments of the language 
selected at any level would set bounds for a dictionary without 
limiting man. The dictionary, in its turn, would limit the 
recommended semantic correlations. Linguists should be urged to 
mastef business prose in order to set up a fund of Russian words 
acceptable to the machine. 

But what about the speaking, listening and reasoning machines 
which already exist? Did they establish direct contact with man 
without mediators? 

Data processing systems which accept the input and dispatch 
the output over the telephone are already in operation. There is 
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a system that was designed to recognize two hundred fifty words. 
Its capacity has been gradually expanded to fifteen hundred words. 
It may find application in trade, both wholesale and retail, banking, 
insurance, management, air traffic control, booking and inquiry 
services. 

A system designed to recognize ninety five per cent of the 
phrases which can be said by five different persons has past all 
tests. The dictionary it uses to formulate output phrases consists of 
one thousand eleven words. 

The dictionary of another machine contains sixty thousand 
words, and the machine can comprehend and reproduce a human 
voice in the exact same key. 

A first attempt has been made to use voice-operated computer 
input in optimizing the performance of a natural gas pipeline. The 
system has been designed at the Data Transmission Research 
Institute and Computer Centre, USSR Academy of Sciences. 

In charge of product quality control at an instrument-making 
plant is a veteran system known as Volna. It automatically detects 
faults and reports them visually, in writing, and in a man’s voice. 
Experts say the system is a bright pupil who will be capable of 
mastering words without bounds and voicing instructions of any 
intricacy all in due time. 

Computer/man verbal contacts are a practical possibility. Man 
would hold the reins and supply the computer with fresh ideas that 
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would keep the ball rolling. The computer would be capable of 
complaining to the man about the difficulties it has encountered in 
comprehending instructions and solving problems. 

A machine in good command of a human language would be 
apparently capable of processing it more expeditiously than does 
man. Not at all excluded is a situation similar to one that 
happened to Anatole France when a young lady came to him to 
offer her services as a stenographer. 

“Monsieur,” she said, “I can write one hundred and fifty words 
a minute in shorthand.” 


“Well,” said the surprised author, “where shall I get so many 
words?” 

Where would people get all the words to satisfy the appetite of 
briskly speaking automata? Wouldn’t they lodge a protest against 
long pauses? 

If the electronic brain is keyed up to speak, this would give 
rise to numerous problems. Machines would acquire the ability to 
contact not only man but each other as well. 

Psychologically, a machine which orders man in a human voice 
is quite a different thing than a machine that silently awaits human 
commands. A situation like this one would really rack the 
engineering psychologists’ brains. We havn't gotten accustomed to 
inanimated electronic music yet. What nerve one would have to 
speak with a lifeless machine? 

People alone are blessed with the ability to indulge in 
conversations. Thanks to that, their mutual understanding is perfect. 
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Even man and animal often understand each other, and a dog may 
understand a man better than another dog. 

Now it’s machine’s turn to enter the world of understanding. It 
does not do this silently, it can say something. Never forget that it 
was man who taught the machine to speak. 
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Wiener, cybernetics, nineteen hundred and forty eight. These words 
sound now like cybernetic synonyms. Wiener has been rightfully 
named the father of cybernetics. His book Cybernetics or Control 
and Communication in the Animal and Machine published in 1948 
stunned public opinion. People were shocked by its conclusions. The 
effect produced by the book could be compared to an explosion 
schemed in secrecy. 

Cybernetics, like any other science, witnessed two stages: the 
amassing of data and the transformation of the data into a new 
discipline. In other words, Wiener had mastermined his “cybernetic 
explosion” over the course of gathering knowledge which was 
a process leading to qualitative changes. 

Sir Isaac Newton said that he owed his ability to see farther 
than anyone else to the fact that he had been standing on the 
shoulders of giants. Presuming that the same applied to him, Wiener 
repeated these words. 

Huygens, the inventor of the pendulum clock, was credited with 
introducing a new link between a controllable system and a system 
which excercises control. Named feedback by E. Rumer two and 
a half centuries later, this concept became the mainstay of all 
automatic control systems. 

At the same time, that is in the 17th century, the theory of 
probability was developed. It is now widely employed in the field of 
mathematics which serves the needs of cybernetics. 

Little by little, various automatic machines appeared on the 
scene. The 18th century saw the advent of automatic looms. Those of 
the jacquard type were controlled by programmes punched out on 
cards. Recording equipment and regulators also came into use. 
Among them was the prominent Watt regulator which played an 
important role in the progress of automation. 

From the start, the early calculating machines in the history of 
computer engineering created the prospect of mechanizing the 
thought process. In this connection one can’t ignore George Bool's 
Mathematical Analysis of Logic which formulated the fundamentals 
of Boolean algebra now widely used in cybernetics. 

With the introduction of information theory, an offspring of the 
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theory of relativity, everyone realized, although not immediately, that 
the new theory had far-reaching implications. It turned out, for 
example, that the amount of information is correlated with the 
measure of conversion of energy of all sorts into thermal energy, 
which is the so-called entropy. The prominent physicist L. Szilard 
was the first to point this out in 1929. Information theory 
eventually became the cornerstone of cybernetics. 

Significant headway was made in the physiology of higher 
nervous activity during the 19th century. This was credited above all 
to the study of animal intuition. Notable contributions were made 
by two Soviet biologists Bernstein and Anokhin who advanced the 
theory of physiological activity and the principle of functional 
system, respectively, in the 1930's. 

That was, in a nutshell, cybernetics’ foundation, which was built 
thanks to the general progress made in science. From the 
information gathered, broad generalizations could be made and facts 
could be comprehended from a new angle, eventually termed the 
cybernetic angle. 

As pointed out in a treatise on the history of cybernetics, 

a rapid progress in automation and in the theory and practice of 
constructing self-regulating systems on the one hand, and the 
evergrowing triumpth of the “instrumental tendency in physiology”, 
which treats living creatures as self-regulating systems, on the other 
hand, were noted as early as the first half of the 20th century. The 
tendency to employ in physiology the same instrumentation as is 
used in automation, has led to the adoption of common principles 
“ 
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of block diagram construction and modelling and to common 
methods of analysing and synthesizing systems. 

The concepts of every epoch are reflected in its technology. The 
17th century manifested itself by clock chimes and the triumph of 
Newton’s theory. The end of the 18th century and the 19th century 
were dominated by the whistle of steam, it was the age of the 
steam engine. Newton’s physics was complemented by the physics of 
Carnot and Joule. Nowadays, electricity carries authority—a fact that 
is made evident by virtue of communication and control. 

Nothing besides communication and control cements the 
theories that provide the basis for cybernetics and contain its 
fundamental conceptions. 

One more point to be noted. In contrast to the old methods of 
research, when complex forms were split into fragments and 
elementary laws that these fragments would obey were sought, 

a tendency to probe into the complex without its fragmentation 
evolved later in science. Scientific thinking gradually changed its 
orientation. Instead of studying ordered simplicity or disordered 
complexity, which are concepts from classical mechanics and 
statistical physics respectively, science took interest in organized 
complexity, which is dealt with above all in cybernetics. 

In the 30’s and 40’s, a comprehensive approach to the problems 
of communication and control in terms of physics, mathematics, 
engineering and physiolegy opened up new vistas for scientific 
research teams in various countries. 

Academician I. Artobolevsky told me that a committee on 
automation and remote control had been set up under the auspices 
of the USSR Academy of Sciences before the Second World War. 
Its members were engineers and scientists including, for example, 
Academician P. Lazarev, a biophysicist. 

“By that time”, Artobolevsky recalled, “many a scientist realized 
that automation is an inevitable postulate of progress. We used 
programmes for the control of intricate mechanisms. It was an 
evolution of the mechanical jacquard concept in accordance with the 
principles of electricity. Our experiments were based on the 
assumption that the processes taking place in mechanical and 
electrical systems were analogs which could be described in terms of 
similar differential equations. The prospect of controlling 
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sophisticated systems seemed to be bright, provided these equations 
were known. Unfortunately, we came up against a blank wall. Some 
philosophers went as far as accusing us of idealism. God knows 
why!” 

According to some sources, approximately at the same time the 
physiologist L. Lapicque and the expert in computing mathematics 
L. Couffingnal called together scientists in France to discuss 
problems of common interest. 

In Great Britain, a mathematician named A. Turing published 
a description of an abstract calculating machine in 1936. He took 
a broad view of things and anticipated some problems in 
cybernetics, attracting the attention of J. Haldane, S. Levy and 
J. Bernal. 

In the USA, it was the prominent mathematician Norbert 
Wiener who advanced in 1936 the idea of a meeting between 
scientists specializing in various fields. His intention was to discuss 
problems that had seemingly very little in common. 

1943 was a milestone in the history of the science of control 
and communication. The unofficial meeting organized by Wiener at 
Princeton was attended by neurophysiologists, communication 
engineers and computer designers. Sitting at the same table were 
specialists who were not only unacquainted with each other, but 
who had shunted each other. 

To the surprise of everyone, they used a language that they all 
understood, in spite of the fact that its vocabulary consisted of 
terms borrowed from unrelated sciences. - 

The term “memory” was codified there to reconcile the various 
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methods of storing information. The term “feedback” migrated there 
from the domain of electrical engineering and automation into the 
everyday life of living creatures. It was agreed to accept the term 
“bit” as designating unit of information. 

“IT believe”, Wiener wrote some time later, “that the Princeton 
meeting gave birth to a new science—cybernetics”. 

It is justified to say that Wiener brought cybernetics into 
existence twice, laying the theoretical foundation of the science and 
winning it general and official recognition. Many people share this 
opinion. 

In formulating their ideas, the Wiener team left no stone 
unturned. Works of various authors who specialized in diversified 
scientific fields were referred to scrupulously and in every detail. 

“If I were to choose a patron saint for cybernetics out of the 
history of science”, Wiener writes in Cybernetics, “I should have to 
choose Leibniz. The philosophy of Leibniz centres about two closely 
related concepts—that of universal symbolism and that of a calculus 
of reasoning”. Wiener recalls count B. Russel, his teacher, to whom 
he is much indebted as a scientist. Wiener praises the role of John 
von Neumann in the creation of cybernetics. He is the author of 
one of the earliest treatises about the theory of games and of 
fundamental works on the principles of control, particularly on the 
theory of terminal automata. 

The creator of cybernetics points out that some of his findings 
are based on an early work by Kolmogorov, a Soviet scientist. Time 
and again Wiener refers to this outstanding mathematician. In 
reading Kolmogorov’s books, Wiener finds his own ideas and 
believes that the same is true when Kolmogorov reads his works. In 
Wiener’s opinion, Kolmogorov has not only examined the problem 
by his own accord, but was the first to publish his findings. 

Wiener mentions the names of other Soviet scientists in his 
works: Krylov, Bogolyubov, Gurevitch, Krein. 

He singles out Pavlov, whose “step from these static ideas to 
the more dynamic point of view of the present day... is perfectly 
clear”. It’s interesting to note that Wiener quotes Pavlov when he 
draws a parallel between calculating machines and a living creature’s 
nervous system. 

In concluding this brief review, it would be appropriate to 
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stress that the only thing Wiener had expected while writing 
Cybernetics was some response to his ideas. Neither he nor his 
colleagues could have expected what a turmoil the book would 
cause once published. When Cybernetics became a scientific 
bestseller, Wiener was no less surprised than anyone else. 

The history of cybernetics seems to illustrate explicitly the fact 
that every scientific concept keeps up with its time. 

Nowadays, passions have died down. Cybernetics is viewed 
soberly. It’s neither classified as right- or left-wing, nor accused of 
all mortal sins, nor endowed with unlimited capabilities. It became 
evident that the early stage of cybernetics’ formation was richer in 
ideas than the period of its maturity; suppositions prevailed then 
over anything of practical value. 

Time is the best judge! 
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The poet inspired by a winter morning reproduces its beauty in the 
verse: 

‘Neath lucid skies of clearest azure 

The winter’s rich and dazzling treasure, 

Her gorgeous rugs of snow are spread. 

The wood is etched against them darkly, 

The firs, rime-starred, are green and sparkling, 

In shiny mail the stream is clad.’* 

A. Pushkin 


An artist whose heart has been won by the might of 
revolutionary forces depicts revolution in his own way as a brave 
and forceful goddes, calling the people to a great feat. 

The tolling of a bell in ancient Russia on the days of national 
rejoicing or sorrow inspired an oratory that called the people to rise 
up in a struggle against the enemy. 

As scientists put it, literature and the fine arts are depictions of 
the world as perceived through our senses. 

It’s believed that a description in words is the most supple, 
sensible and colourful presentation of real life, of the world 
perceived through senses. In fact, is there anything that can’t be put 
into words? What subtle differences can thus be expressed! Is there 
a limit to the ways of using spoken words to convey the things 
seen? 

The author saw the sea. He was surprised by its unfamiliarity 
at that very moment, by its appearance that was unlike yesterday's. 
So he wrote: “The sea smiled”. That was how he perceived it. 

The description of things and phenomena in words is, however, 
subjective, personal. It was Gorki alone who saw the sea as smiling. 
Was it true indeed, that the sea smiled? 

No one would object that the description in words is supple 
and colourful. But it’s also subjective and not always absolutely 
accurate. 

Life and nature can be described in a diametrically opposite 
way. The hue of the sea, the colourful sparkling of the waves rolling 


* Translated by Irina Zheleznova. 
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over shallows, and the froth of the breakers at the shore are 
disregarded then. The sea is described in terms of the chemical 
elements it is composed of and the mathematical equations which 
define the processes taking place in it. 

Researchers always make a point of this scientific approach. 
They claim that science writes an enthralling story about the 
innermost secrets of nature in a language of its own. Everything 
individual and subjective falls prey to the abstract, objective and 
general, which is devoid of picturesqueness, living associations and 
bright images. 

Dull and rigorous diagrams, curves, drawings, formulae, tables, 
equations and symbols, lay bare the essential features of reality, 
portray the pattern of real life, denote natural correlations. 

If art makes us weep and laugh, science compels us to 
comprehend and calculate. Is there a more convincing and accurate 
way of presenting the difference between the cognition of life as 
practised in art and science? 

The artist, composer and poet tell us a story about colours and 
sounds. The scientist pays attention to neither the beauty of colours 
nor the rise and fall of sounds. What he is after is the main 
characteristics which make a colour a colour and a sound a sound. 
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He reduces colours and sounds to certain wavelengths and examines 
the laws which they obey. 

What are the scientific ways and means of studying nature? To 
probe into real phenomena, there is an arsenal of techniques, 

a network of approaches. For example, one may single out the 
main, objective, and general while disregarding details. 

Another approach is that of idealization. To that end, we 
examine the features and properties of a general, material meaning 
and invent a hypothetical ideal of the object under consideration. In 
this way were coined such terms as black body, perfectly rigid body 
and perfectly rigid surface, ideal gas, incompressible liquid, etc. 

What follows is an excerpt from the book Selected Works on 
the Physics of Crystals and Crystallography, a strictly scientific 
treatise by Yu. F. Wulf. 
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“The earth’s actual surface with its high- and lowlands in 
incessant variation is quite irregular. To get an idea of the earth’s 
configuration, it’s practical to examine not the real surface but 
a theoretical one which disregards the existing surface irregularities. 
In other words, the earth is viewed as if from a distance which is 
far enough for these irregularities to blur. Such an approach is 
justified by the fact that the earth’s radius is incomparably greater 
than the highest mountain and the deepest oceanic abyss. Thus, the 
real mountains and abysses don’t interfere with the ‘mathematical 
appearance’ of the planet.” 

Simplifications along these lines are used to shed light on the 
rigid features of an object under consideration, revise its properties, 
delineate its configuration and find out about its structure. 

In other words, whatever approach is used to acquire 
knowledge-—be it identification, idealization, simplification, abstraction 
and the like—there are things which should be coarsened, uncovered, 
accentuated so as to single out the principal, general, fundamental. 

Having acquired knowledge, scientists go further. They revise, 
concretize and generalize the laws which have been developed. Thus, 
a basis for a scientific theory is created. 

This all is defined clearly and laconically in an encyclopedia: 
“A refinement of the matter of the objects under consideration so as 
to facilitate the application of mathematics is termed formalization”. 

Where formalization is in esteem, no vagueness and ambiguity 
can exist. Formalized science creates the prospect for ultimate 
generalization and an automatic use of concepts. 

Whatever object is formalized, the process is reduced to 
identifying “the hard core of the matter” which is the mainstay of 
any scientific theory. 

The problem is how one should go about coarsening, unveiling, 
stripping, that is, formalizing. 

To begin with, a list of elementary scientific conceptions is 
drawn up. This is a task that is neither within the power of 
a single scientist nor a generation of scientists. The list is the result 
of the lengthy evolution of a given science, the product of 
a profound analysis of the science’s structure. It must be as 
complete as possible and include most importantly all of the 
essentials. The list of mathematical conceptions has materialized, for 
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example, over the course of two millennia, and the process is still 
underway. Mathematics owes its progress to an intricate 
interweaving of the contentful with the formalized. However, total 
formalization is impossible not only in mathematics but even in the 
arithmetics of natural numbers. The well-known limit theorems of 
mathematical logic prove this. 

But this is only part of the story. Formalization also presumes 
that systems of axioms, which meet very stringent requirements, are 
set up in accordance with the principle from A to Z. Agreement or 
the absence of contradictions is the first and foremost requirement. 

Worth mentioning in the context of formalization are also such 
concepts as a list of axioms, completeness, resolution and 
independence. Intricate as they are, these concepts are inexplicable in 
short. Moreover, a specific language of symbols is needed in order 
to express everything they encompass. 

The hard core of the matter that formalization is required to 
identify, appears to be an invariably capricious thing, which slips 
out of one’s hand and is almost intangible. Even once grasped, it 
must be updated in the light of scientific progress. 

Note the dramatic changes in the concept of light that occurred 
throughout the 17th and 19th centuries, that is in over one hundred 
years—not such a long period. An early concept was that light 
consisted of small particles, termed corpuscles, emitted by 
a luminous body. The wave theory of light was advanced by 
Huygens in his famous Treatise on Light in 1690. But only in the 
19th century did the advances in natural science and new research 
methods pave the way for formulating the electromagnetic theory of 
light. It proves that electromagnetic emission distinctly manifests the 
properties of both waves and corpuscles in the visible light 
spectrum. 

Consider another example. In Immanuel Kant’s opinion, based 
on the contemporary wealth of knowledge, the principles of 
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chemistry are purely empirical ones, emanating from experience. 
They are unfit for use in conjunction with mathematics and fail to 
create even a slim prospect of explaining the chemical phenomena 
that can occur. In other words, the German philosopher was 
doubtful that the chemist would be capable of predicting the 
sequence of events in chemical reaction. The modern chemist has no 
doubts about this. One versed in physical chemistry can readily 
describe many reactions without experimenting, just by using 
mathematics. 

Not infrequent are cases when formalization is in discord with 
recent scientific concepts, when old methods appear to be 
inadeanate. ineffective. incapable of identifying the hard core. They 
are replaced by new, more effective methods. Formafization ‘hops 
thus upward towards perfection. Therefore, the process of acquiring 
knowledge is at the same time also one of stream-lining the 
formalization technique used. 

Such a state of affairs is quite reasonable. It reflects the essence 
of the process of gaining knowledge. It’s a kind of an illustration of 
the natural course of events that is followed in studying the 
universe. V.I. Lenin wrote that man cannot encompass, reflect, create 
an image of nature as a whole, its essential integrity; he can only 
endlessly strive towards this, giving rise to abstractions, concepts, 

a scientific picture of the universe, et cetera, et cetera. 

So, formalization is called upon to identify the hard core of the 
matter, to put everything that is individual, unrepeatable, specific 
into the tight irons of the dull symbols of logic and mathematics. It 
forces out of reality, out of the realms of every-day life only those 
things which would fit a rigorous system, and creates an impression 
that a given field of science is isolated, estranged from real life. 
Formalization may be thought of as the product of 
a mathematician’s and a logician’s pure intellect. 

This is, however, utterly wrong. No matter how estranged 
formalizing formulae and symbols may appear, formalization will 
remain, once and for all, a process designed to bring into the 
limelight the various facets of real life. In the end, it’s the essence 
rather than symbols that science is interested in. Formalized science 
makes sense only when it finds a practical application. The interval 
in time when a formalized theory is invented and applied may be as 
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long as centuries and millennia. But the practical value of 
formalization can be readily tested. 

When we speak of formalization, we have in mind two 
meanings of the word. In a narrow sense, formalization is 
a refinement of the matter of the objects studied which is achieved 
via mathematics. It is as though the objects are examined under 
a high-resolution mathematical lense. In a broad sense, formalization 
means the study of an object, the revision of its matter and 
structure in terms of formal logic. 

Incidentally, cybernetics itself, which is a science heavily relying 
on mathematics, has not been formalized yet. Even a generally 
accepted definition of cybernetics is still lacking. And though the 
definition of a science and its formalization cannot be correlated, 

I can’t miss the chance to say a few words about defining 
cybernetics. 

Ive managed to amass an entire collection of definitions. I have 
omitted only unpublished and comic definitions, such as “cybernetics 
is the concern of the people called cyberneticians”. 

To begin with, the classical definition which belongs to Norbert 
Wiener, cybernetics’ father, is: “The study of control and 
communication in machines and living beings”. The rest of my 
collection of about fifty definitions ranges between a superlaconic 
“science concerned with control” and a paradoxical “cybernetics is 
neither exactly a science nor a discipline, it’s a motion of ideas”. 

W.R. Ashby, a biologist and one of the pioneers of cybernetics, 
who, in the words of Academician Kolmogorov, has become an 
authority on the abstract mathematical aspects of cybernetics, thinks 
that cybernetics has provided us with a general assortment of 
concepts which can be applied to corresponding analogies from any 
branch of science and technology in order to study relationships 
between them. 

Academician A.N. Kolmogorov, an erudite mathematician 
himself, asserts that cybernetics is “a science concerned with the 
study of systems of any nature which are capable of receiving, 
storing and processing information so as to use it for control”. 

L. Couffignal, a French cybernetician, at first glance agrees with 
Kolmogorov, but then he deprives cybernetics of its scientific status: 
“Cybernetics is the art of securing efficient operation”. 


4/7 The Hard Core of the Matter 


For the mathematician A. Markov, Associate Fellow of the 
USSR Academy of Sciences, cybernetics is “a general theory of 
casualty which is interpreted accurately to the part of isomorphism”. 

Two definitions which may be called official are also known. 

One of them reads: “A science concerned with the control of 
sophisticated dynamic systems, which is theoretically based on 
mathematics and logic and practically—on the use of means of 
automation, electronic computers of primarily the control and 
data-processing types”. It can be found in the Encyclopedia of 
Philosophy, volume 2, page 495, and has been formulated in unison 
with the ideas of Axel Berg. 

The other definition states: “A science concerned with the 
general laws of receiving, storing, transmitting and processing 
information in sophisticated systems of control”. It belongs to 
Academician V. Glushkov and is given in the Encyclopedia of 
Cybernetics, volume 1, page 440. 

A definition credited to Stafford Beer, a British cybernetician, 
says that cybernetics is a science concerned with the systems which 
have vitality, that is, which behave so as to survive. The saying that 
cybernetics is a science with a long pedigree and big demands also 
belongs to him. 

According to Academician B. Petrov, whose advice I followed 
when I began to collect the definitions, the fact that cybernetics is 
defined in so many (often contradictory) ways indicates that this 
science lacks not only a unified but even a more or less definite 
interpretation of its subject. Surprisingly enough, cybernetics itself, 
on reaching a certain maturity, has raised the issue of confining its 
subject within smaller bounds. 

Nowadays, hardly anyone would repeat after effusive French 
scientists that cybernetics rules the world. It has become apparent 
that we should remove from cybernetics everything that can be 
solved by the conventional, traditional, “precybernetic” methods, and 
develop new, exotic, purely cybernetic methods. In particular, this 
applies to what is now called artificial intelligence, to everything 
associated with adaptive phenomena both external and internal to 
a system. 
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The idea of holding exhibitions is really a rather brilliant one: 
bringing together every few years the most ingenious and 
outstanding things that people have been able to create. The 
purpose is neither boastful nor vain. It’s a desire to make the world 
more comfortable and our life more interesting. 

When we stroll in our mind’s eye through exhibitions, it is as 
though we are ascending a stairway of progress that begins at the 
ancient water wheel and leads to ... 

But before going into particulars of the progress in science and 
technology in our days, let’s have a look at exhibitions in 
retrospect. Every exhibition is a step forward along this stairway. 
Each step is higher than the previous one but none of the steps 
could have been a reality without a predecessor. 

Two centuries separate us from the world’s first industrial 
exhibition that was held in London in 1761 to demonstrate man’s 
current achievements -—agricultural implements. The main attractions 
of the next exhibition, held in 1767, were the just-invented spinning 
machines and looms. 

The first international exhibition opened in 1851. A lot of them 
followed -—eighteen until 1914. 

The famous Paris International Exhibition dates back to 1889, 
to the triumphal 19th century which brought railways, motor-cars 
and electricity to people. Its focal points were the glorious Eiffel 
tower—a symbol of the iron age—and the Palais de Machines. 

Fifty years later, mankind could demonstrate its electrical might 
in New York. 

The Brussels Universal and International Exhibition (the 
thirtieth in succession), something of an anniversary, was held in 
1958 under the motto “Man and Progress”. A hundred-metre 
structure known as Atomium symbolized the dawn of the atomic 
age. 

Expo-67, one of the largest exhibitions in mankind’s history, 
opened in Montreal in the spring of 1967. Sixty two nations took 
stand space in four hundred and ninety three pavilions to unfold 
the achievements in economics, science, construction and culture; to 
cast light on people’s aspirations, both spiritual and material; to 
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present a general picture of mankind’s genius. The Montreal 
exhibition had no symbolic structure, but symbols could be seen 
everywhere. Even recently-born Tunisia displayed an electronic 
computer in her pavilion. 

Exactly three years later, Expo-70 was inaugurated near Osaka in 
Japan. Its purpose was to demonstrate mankind’s progress and 
harmony. 

I was there and was struck, as everybody else, by the main 
attraction, the so-called Sun Tower. Centred in the vast field of 
mass ceremonia there was a cone-shaped block that towered 
a hundred metres high. It resembled a man’s face but the outline 
was vague and indistinct. In fact, the Sun Tower looked like 
a humanized heavenly body. But when you gazed at it, the Tower 
gradually turned out to be a pedestal which supported a huge disc 
made of gold. Perched upon the pedestal as if weightless, the disc 
seemed to soar over the surrounding expanse, over the exhibition 
and all over the world. 
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Now, what was it? Staring at you from the gold-streaked disc 
were two search-lights—a pair of eyes. 

I didn’t know about the rest of the people, but as far as I was 
concerned, the Sun Tower failed to create the impression of 
a golden heavenly body. It looked to me like a robot Cyclopes of 
the cybernetic age. May be it was because Expo-70 had literally 
soaked itself in electronics. The exhibition was an image reflected in 
an electronic mirror of some sort, if one may say so. 

The exhibition was dominated by electronics in all its 
overwhelming power. It was like a world of fairy tales crowded with 
electronic realities and cybernetic illusions. The inscription 
“Computer-conceived society. Computopia—today’s dream” that 
beamed from the entrance into a pavilion wasn’t a coincidence. 

The International Exhibition of 1975 on Okinawa couldn’t 
manage without electronics, and the Tsucuba World Exhibition 
of 1985 was also supercomputerized. 

The scientific and technological revolution of the age of 
electronics and cybernetic has brought about radical changes in 
research and engineering. Machines of a might unknown before are 
on the offensive. They help not only to muscles but to the brain. 

Never before in mankind’s history have machines penetrated 
every pore of our life as rapidly as they do now. The invasion of 
electronics has been a total one indeed. Electronic computers have 
rushed into science, technology and industry as a flood gushing 
through the open gates of a dam. 

People hardly had time to look around and see what had 
happened to the world after the birth of computers, when their 
production started to increase at a tempo nonexistant in other 
industries. In 1951, the rate of growth of the electronic engineering 
industry exceeded that of the manufacturing industry by 546 per 
cent in the Federal Republic of Germany, by 505 per cent in Italy 
and by 303 per cent in Great Britain. 

In the USA, the first computers, just fifteen of them, went into 
operation after laboratory tests in 1950. By 1958 there were fifteen 
hundred mainframe computers, by 1960—some five thousand and 
towards the close of 1967—forty thousand. The expenditures of US 
corporations on computers rose from $1500M in 1959 to $21500M 
in 1969. 
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Other industrial nations followed suit. In France, the population 
of mainframe computers grew from twenty in 1959 to five thousand 
in 1969 and in Japan from three in 1957 to fifty six hundred and 
one in 1969. At the end of 1975, hundreds of thousands of 
computers were in operation in the main capitalist countries; the 
forecast for the 1980s was half a million. 

In general, the number of computers proliferated from a few 
that could be counted on one’s fingers in 1949 to thirty thousand in 
1966 and seventy five thousand in 1969. It’s believed that the 
number of computers today has topped a million. 

Scores of big enterprises all over the world have entered the 
field of computer production; their daily output is worth an 
astronomical figure. Electronics has ascended the throne and now 
ranks second to none, having overshadowed such rivals as the atom 
and space. 

In the USSR, the production of computers is on a steep 
upgrade. If we take 1950 as the starting point of 100 per cent, the 
output rose to 737 per cent in five year’s time. In one more year it 
leaped to top 1000, reaching 1171 per cent. By 1965, the 1958 level 
was increased by 4.7 times, and by 1970 the 1965 figure was 
outpaced 4.8 times. Skyrocketing further, the computer production 
rose between 1980 and today more than fourfold. I hope, the 
Soviet Union will turn into one of the world’s greatest computer 
producers. 

It’s said that computers are levers which would assist mankind 
in enjoying an unprecedented peak of creative ability, and would free 
it from a host of everyday chores. 
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It seems to be an unprecedented case in the history of technology: 
computers go into museums as exhibits of a rarity greater than that 
of an eighty-year old vintage car without even surprising people. 
Such was the fate of early computers, our contemporaries. 

The so-called ENIAK was a computer once worshiped by 
computer folk. ENIAK was a thirty-ton mammoth of intricate setup 
which occupied a spacious hall with a floor area of one hundred 
and fifty square metres. It consisted of eighteen thousand thermionic 
valves and fifteen hundred relays that were operated from forty 
separate control panels. 

Another veteran called TRIDAG, was a giant housed in 
a separate building amidst transformers, electric motors, 
air-conditioners and a pump which made its eight thousand valves 
and two thousand relays tick. What was the reason behind the 
brevity of their life? Only speed. 

The Goliaths were both quick and slow at their calculations, 
for they couldn’t manage with more than several dozen or 
a hundred operations per second. 

But the problems facing science and technology were so 
complex by that time, that it was even terrible to think of them. 

A speed of tens of trillions of arithmetic operations was required. 
That would mean more than four years of continuous work for 

a high-speed computer which could cope with ten thousand 
operations per second. In the national economy too, for example, 
the problems of planning and management call for a speed of ten 
quadrillion operations per year (an Arabic symbol of quadrillion is 
a one with sixteen zeros in the wake). To carry out such an 
assignment, the assistance of thirty thousand computers each 
operating at a speed of one hundred thousand operations per 
second should be recruited. 

The only alternative is to urge the computer to work faster. 
But what does “faster” mean? You can count from one to one 
million in three and a half months, provided you work eight hours 
a day. To count to a billion, a span of five hundred years would be 
required. A computer would do it, of course, much faster. But how 
fast? In a day, an hour or a minute? 
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The First National Conference convened in 1956 at Moscow 
University on Lenin Hills to discuss the ways and means of 
fostering computer technology in this country comes to mind. 
Mathematicians, physicists, engineers and designers assembled in 
a solemn hall adorned with white columns. The discussion centred 
around the so-called BESM computer which could perform ten 
thousand arithmetic operations per second. Judging by the standards 
of the time, it was a success. However, scientists were looking 
ahead. Coming to the rostrum, Academician A. Dorodnitsyn spoke 
about a computer with a speed of a million operations per second. 
(I'm not quite sure whether he said that such speed was possible, 
desirable or necessary.) The audience exchanged glances: why such 
a hurry? Upon solving all their problems in a twinkle of an eye, 
computers would stand idle. Meanwhile, the Literaturnaya Gazeta 
(Literary Gazzette) editor persistently scratched out the words 
“million operations” from my reports and replaced them by the 
indiscrete “faster”. Such speeds could hardly be imagined at that 
time, and people were cautious about their forecasts. 

Today computer technology has scored many successes. It has 
a history of its own which illustrates the progress of computers 
from generation to generation. 

The forefathers of modern computers were low-speed 
electro-mechanical machines which absorbed all the flowers and 
wisdom of the Eiffel Tower epoch. 

The first-generation computers declared their arrival by the 
monotonous humming of the thermionic valves in the gray metal 
cabinets. Hardly had they gained strength and started to perform 
miracles, which gave grounds to call them intelligent, as people 
began to reckon what would be the size of a computer which 
would be an equivalent of the brain. The finding was disappointing: 
an electronic brain would be the size of a sky-scraper. 
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Valve-operated computers were present at the birth of 
cybernetics. A union of the recently-born science with the valve-run 
giants produced a new generation of computers. 

As the heart of second-generation computers were 
semiconductors. This gave rise to speculations that a solid-state desk 
computer would oust the ubiquitous mechanical calculator from the 
office before long. 

But what about speed? An operation in a second, a tenth or 
a hundredth of a second? No, much faster, in a thousandth or 
a ten thousandth of a second! 

However, when optoelectronic and high-friquency transistors, 
tunnel diodes and cryotrons, spacistors and twistors, biaxial and 
secondary-aperture ferrite cores, persistors and cryosares, paremetrons 
and technetrons had entered into the contest for speed, the number 
of operations increased to hundreds of thousands or even a million 
per second. Nevertheless, even this variegated array of 
superminiature, superspeedy, and extra reliable devices had ceded its 
supremacy to thin films. 

Thin films have appeared to be instrumental in setting up 
a whole world of miniature giants, entire electronic cities of peculiar 
architecture. A designer, once proud of his tin-of-sardines-sized 
computer, would lay himself open to ridicule by the engineer who 
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has accommodated a good hundred electronic circuits on a wafer as 
small as the tip of a pen and dozens, if not hundreds, of similar 
circuits in a tiny space. 

Called microprocessors, each of these mites occupies a space 
which is 1/300000 that of an early valve-operated computer. Their 
power consumption is 1/56 000 that of their predecessors, but the 
speed is increased by twentyfold. Their reliability has increased ten 
thousandfold, and they average years, not hours, of trouble-free 
service. 

By virtue of such circuitry, the tribe of microcomputers has 
grown enormously, they have become miniature mathematicians of 
general utility. 

Some of them readily fit into the palm of one’s hand, for 
others you have to fumble in your pocket. A computer is expected 
which will be so small that a toothpick will be required to operate 
its keyboard. It will serve as a calculator, a telephone directory, 

a diary, a note book and a business appointment book, 
a dictionary, an automatic translator and a helpmate at playing 
chess. 

There are wrist computers that function as an ordinary watch, 
a stop watch, an alarm clock, a calendar, memory and a calculator. 

A computer endowed with all the gifts and set into a ring, like 
a diamond, will undoubtedly be produced. Anyone would hardly 
then dare to say that it’s just an adornment, a costly knick-knack. 

Now, what sort of magician is thin film? Where did it get the 
strength to manage in such a way? 

Films are produced mostly by evaporating appropriate materials 
under a pressure of one billionth of an atmosphere—almost in 
a vacuum-—and allowing the vapour to settle on a metal or glass 
plate. Delicate as it is, the job is also extremely difficult. The 
vapour should settle so as to produce a given design, not at 
random. The film will function then as a part of an electric circuit 
in a computer. The so-called electronic embroidery is worked 
through a hole in a pattern, termed mask, so as to follow the 
desired design with utmost precision. Alternatively, photolithography 
may be employed. Some ten, fifteen or even more films, when 
stacked to form a circuit, should match each other precisely. 

To indicate how intricate this job is, it’s enough to say that the 
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film’s thickness is a one hundred thousandth fraction of 

a millimetre. The very word ‘thickness’ sounds incongruous when we 
speak of something less than a ten thousandth of a razor blade’s 
thickness. It’s just a few layers of atoms. 

In electronic engineering, skill is now meant to be not the art 
of setting up a computer from individual building blocks, but the 
dexterity at handling matter in such a way that every bit of it goes 
exactly into the place which has been assigned to it by the creator’s 
will. 

The third-generation computers are made up of building blocks, 
each consisting of one hundred million devices which occupy 
a volume of a cubic millimetre and operate at an ultimate switching 
speed. These computers are capable of coping with between one 
million and several million operations per second, and possess 
a memory of an adequate capacity. They can solve more than one 
problem at a time and may be connected to various terminals 
which convert information into standard generally-comprehensible 
form,.readable by any user. 

And what about the fourth generation? These computers go 
even one step further. They operate at a speed of 10° operations 
per second and have an on-line storage with a capacity of 10° 
bytes—units used to specify the amount of information a computer 
can store. A byte represents either two decimal digits or an 
alphabetical symbol. One can hardly imagine what a tremendous 
horde the 10° bytes comprise. If we express that in terms of books, 
this is equivalent to a library which contains several million 
volumes, each five-hundred-page thick. 

As a matter of fact, the fourth-generation computers are 
a combination of its second- and third-generation predecessors. They 
owe their high performance to new design principles and to the use 
of new software and new means of microminiaturization —the 
so-called large-scale integrated circuits (LSI). Each of these consists 
of an ingeniously-engineered cluster of various elements. Just 
compare it. The housing of a semiconductor device contains only 
one element, that of an integrated circuit—up to ten elements. An 
LSI consists of several dozen, if not a few hundred, elements and 
the time will come when it will consist of tens of thousands of 
circuits. Eventually, LSI might evolve into very large-scale (VLSI), 
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and hence into extra large-scale (ELSI) integrated circuits with the 
number of components running into hundreds of thousands or even 
a million. They will serve as building blocks for a world of 
fifth-generation computers or, more precisely, for a community of 
highly-productive computer systems that feature a storage capacity of 
billions of bytes and a speed of billions of operations per second. 

Dwarfs getting the upper hand of giants! In winning, the dwarfs 
will open the door into the kingdom of the nanosecond, which has 
been neither seen nor heard of before. This will be a unit of time 
equalling a billionth fraction of a second. It’s a paradox, but 
a computer speed expressed in terms of nanoseconds can neither be 
seen nor even imagined. Such a speed can only be obtained and 
employed usefully. Isn’t a creation of man’s hands which is beyond 
our imagination a convincing proof of technological triumph? 

But as is usually the case in technology, a success brings us 
a step closer to the next obstacle: the operating speed of the 
would-be computers is approaching the speed of an electric pulse in 
a solid. 

A way must be found to circumvent this obstacle. An outline of 
a computer unheard of before takes shape. A beam of light, not an 
electric pulse, will bring it to life. The figure of speech “luminous 
mind” would then become a reality. The new computer, if we look 
into its inside, would resemble the panorama of twinkling windows 
and street-lamps of a city at night. 

Optoelectronic computers, a synthesis of light and electronics, 
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would employ a rather new principle of operation. Fleeting light 
pulses which would last a hundred millionth of a second would 
build up and break up laser systems. The operating speed would be 
difficult to determine in this case; a switching would be effected in 
1/20000 000000 of a second. Luminous brainwaves would flash at 
about three hundred thousand kilometres per second. 

A phantastic reality, isn’t it? Light turns out to be an 
instrument of production. It wouldn’t be an exageration to say that 
such computers would portend the epoch of the velocity of light. 

Phantastic velocities spell out phantastic dimensions: it will be 
the ultimate smallness. The computing elements of optoelectronic 
computers would each consist of a molecule or even an atom. 
Operational reliability would then become an acute problem. Even 
the skill of a Russian legendary character named Levsha (meaning 
Left-Hander) who managed to shoe a flea, would be of no avail if 
a light-operated mite is in bad repair. The alternative is to produce 
failsafe computers. Their analog exists; it’s the human brain 
produced by nature itself. An average man’s life of seventy years is 
an almost six-hundred-thousand-hour span of unceasing mental 
activity with faultless reliability. The brain functions without breaks 
and maintenance, though neurones (nerve cells) disintegrate at an 
hourly rate of around one thousand, so that their total loss is 
almost five hundred million over the life span. 

Isn’t the idea to produce a computer that would operate as 
reliably as the human brain a far fetched notion, a groundless 
dream? I wouldn’t say so. A laser that functions by analogy with 
a live neuron can be designed. The nerve impulses can be 
transmitted over man-made fibres instead of axons (nerve fibres). In 
operation, the computer would simulate the activities of the brain’s 
neurons and nervous system. It would be a hybrid of optics and 
electronics, a man-made brain in fact. In spite of the disintegration 
of artificial neurons, rendering some of the equipment inoperative, 
the earth satellite won’t stop beeping, the space laboratory will carry 
on its operation, and the space ship will head towards another 
planet. 

It looks as if the summit of our desires has been reached: 
tremendous speed, miraculous reliability and ultimate compactness. 
However, the outlines of new computers are looming up in the 
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misty future. The lookouts, who are always on the alert, vizualize 
them already. They may come under the fifth generation category or 
be classed as sixth-generation firstlings. In any case, the epithets 
reasoning, calculating or intelligent which now sound common will 
hardly be applicable to the newcomers. But why? 

It’s believed that the advent of the new generation would be 
a breakthrough comparable in its effect with the replacement of 
electromechanical devices by electronic components. Logical 
operations would be performed at a speed of at least 107° per 
second. Is there an epithet that would adequately characterize the 
new computer? Moreover, it will operate along revolutionary new 
lines. 

Imagine that you can read a book not linewise, as if putting 
the lines on a thread, but pagewise. In other words, you grasp the 
meaning of every page by casting just one glance at it. The 
would-be holographic computer, which is now contemplated, will 
employ the same principle. It will process entire files of data 
simultaneously. A processor will trigger not a line but a whole 
picture or rather ten thousand pictures at one go. The optical 
“canvas” of every picture will be packed with 10!° bits of 
information. Such a computer will resemble an almost immaterial 
creature which transmits light pulses and electronic signals. Roughly 
speaking, it will operate as an epidiascope which projects pictures 
on a screen at the speed of lightning, superimposing one over the 
other. The information will be entered so densely that all fifty 
volumes of the Great Soviet Encyclopedia could be accommodated 
on a plate the size of a postage-stamp. The main picture-holding 
memory will have a capacity which is equivalent to a library 
containing millions of volumes. 

The information will be retrieved from the memory not in 
accordance with the address, when the necessary cell is pinpointed 
by seeking the “street” and the “house”, but by what is called 
associative technique. 

Everything that we memorize is always associated with 
something else. Therefore, it’s commited to our memory not isolated 
but “groupwise”. This is exemplified by the chain of associations in 
Paustovsky’s Golden Rose: from a red sweater, through film 
producer Eisenstein in an Alma-Ata street, through the history of 


60 Computers, Speed, and the Future 


America’s conquest, through Gorki’s talent as a story-teller, through 
enraged Mark Twain, through Huckelberry Finn who holds a dead 
cat by its tail, to a monument to Lermontov’s Maxim Maximovitch 
or Bella. The memory of new computers will operate along the 
same lines. Named picture logic computers or picture arithmetic 
computers, they have their beautiful names even before being born. 

Apparently it hasn’t slipped your mind how quickly the 
generations of computers on parade have evolved vis-a-vis their 
abilities, how swiftly they have outgrown the usual concept of 
a machine and have turned into something unimaginable. Are their 
abilities really beyond all bounds? The history of computers seems 
to indicate that they are. However, the laws of nature impose 
limitations that shouldn’t be overlooked. 

It’s a hard and fast rule that the velocity of light sets a limit 
to the speed of data transmission. This implies that the would-be 
computer should be engineered so that light will travel along the 
shortest route. A spherically shaped computer will apparently solve 
the problem. Geometry teaches us that, volume for volume, the 
sphere has the smallest surface area as compared to all other solid 
figures. 

Another limitation resides in the fact that, according to scientific 
estimates, an increase in the speed of data retrieval calls for 
a higher energy input. High energies mean, however, higher speeds. 

Going over from our usual world into the world of the atom, 
we come face to face with new laws, new conventions. In our world 
we are plagued with the problem of the capacity of a computer 
memory. What is its upper limit? In the world of the atom, one 
cubic centimetre of nuclear matter weighs a billion tons. What 
a wealth of information the matter with such a high density could 
store! And what about living nature? Can you imagine that the 
fundamentals of genetic information concerning the entire global 
population of four billion people are confined to a space equalling 
the volume of a rain drop? 

Thus, we see how inventive nature is, how sparringly it packs 
information. It provides a model which indicates to the designer the 
shortest way towards his objective. Bioengineers now proclaim the 
notion, once expressed by chemists, that a chemically synthesized 
microcomputer which operates at the molecular level would replace 
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the contemporary macrocomputer. They believe that the molecular 
structures produced nowadays will pave the way for intelligent 
biological computers which are to some extent analogous with 
nature’s living creatures. 

Isn’t all this sheer fantasy, an endless dream? 

Judge for yourself. The dynamism of the computer’s evolution is 
quite obvious. 

The period before 1950 may be referred to as the prehistory of 
computer technology. 

The first-generation valve-operated computers were born in 1951, 
and gained popularity by 1955. They introduced the existing 
calculation methods to automation. 

The second-generation transistorized computers (1960-1965) 
marked the era of processing data on a very large scale. 

The third-generation computers using integrated circuits were in 
operation until 1971, then giving way to the next generation. They 
owed their fame not to a tremendous data processing capacity, but 
to their ability to put this information to useful purposes. One may 
say that the third-generation computers inaugurated the era of 
information. 

The fourth-generation computers, which rely on large-scale 
integrated circuits, incorporate versatility and extensive use of 
peripheral devices. They begin the era of long-distance 
man/computer dialogue, one might say. 

But what about the fifth-generation computers? They will 
initiate the era of instantaneously operative helpmates for man, 

a time when everyone will enjoy the favours of the computer 
wherever one might be. 
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Each new generation of computers is born every five or six 
years and stays in service for about a decade before being replaced 
by the subsequent generation. The past twenty five years have seen 
four generations of computers. Four generations of human beings 
occur only every one hundred years. During the hundred-in-twenty-five 
period, as it may be called, the speed of calculations increased 
almost a hundred millionfold and a transition took place from 
automated calculations to man/machine co-operation. It thus stands 
to reason that many of our present conjectures may come true in 
the future. 

Today, hardly anyone would venture to predict the impact of 
computers on human life in the future. What will the intelligent 
automata which can retain more than man and “reason” faster than 
man do? The answer is difficult. 

Just one thing is obvious: the only limits to the potentialities 
inherent in the bright machine are the limits of the inventiveness 
and fantasy of the man who creates it. 
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Can you imagine the successes technology has scored if it can raise 
the question about the automation of automata? Moreover, the 
question is raised regarding computer technology, which has evolved 
so as to cope with the speeds of millions, if not billions, of 
Operations per second and symbolizes ultimate automation. 

However, perfection is boundless indeed. When people packed 
a century into the span of a day in order to solve intricate 
problems, and then looked inside the computer, it turned out that 
time is wasted there in spite of the tremendous speeds. 

This implies that computers have reserves. 

It must be confessed that for a more or less impressive 
beginning, I’ve erred from the truth and kept silent about the 
persistent struggle for saving computer time. Much has been done 
already and more efforts are underway. They are intended to speed 
up input-output which commonly handicaps operations, to increase 
productivity and improve effectiveness. My task is, however, to dwell 
on various aspects of programming which are referred to as 
software. 

A mathematician has derived an equation which describes 
a complicated process. But the problem can’t be solved on 
a computer unless a programmer translates the equation from the 
language of formulae understandable to man into a language 
acceptible to the machine. A group of programmes that help to 
accomplish a particular function is termed software. It is, roughly 
speaking, as crucial for the machine as education is for a man. 

A computer without software is almost the same as an ocean liner 
without navigational aids. A computer without software is no 
computer. The success or failure of a computer operation depends 
on the standards met by the available software. These standards 
determine the level of “intelligence” of the machine. Software, as 
Academician A. Tikhonov—a leading authority in computer 
technology—has aptly pointed out, provides for a machine’s 
“mathematical upbringing”, which decides the range of the 
computer’s applicability. 

That is why no money is spared in preparing new programmes. 
Software appears to be more costly than hardware, that is 
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computers. The needs of the first-generation computers were met by 
some twenty thousand programmes, the requirements of the third 
generation run into ten million programmes. It has appeared to be 
necessary to use special computers for the preparation of 
programmes. A new industry has been set up to produce software 
for the market. 

A further increase in computer productivity is achievable not 
only due to higher operating speeds, but through automatic 
programming. 


Difficulties have been realized gradually. At first, it was noted 
that much valuable time is wasted to prepare a programme. For 
example, one requiring twenty minutes for its execution could not 
be compiled in less than three months. Some problems are solvable 
by carrying out thousands of instructions. Can you imagine how 
labour consuming is the writing of programmes commensurable with 
fundamental research? To prepare the software, two thousand 
mathematicians would have to work for two years! 

The elimination of errors from programmes is another difficulty. 
It takes twice as much time as the actual operation. The manual 
entitled The Art of Programming, which outlines debugging 
procedures, consists of seven volumes and every volume contains 
eight hundred pages with numerous illustrations and graphs. This 
should mean something indeed! 
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One need not be a genius to realize that manual labour can be 
minimized if the computer is assigned the task of preparing 
programmes for itself, in accordance with certain rules, of course. 
We must capitalize on the fact that computers are “intelligent” 
machines. Sort of basic programmes can be entered into their stores. 
They should always be present in the computer at the level of its 
reflexes. An intermediate programme with certain programming 
instructions induces the reflexes while being executed. The 
programming instructions are thus used as if automatically. 

Automatic programming is in fact the process of compiling 
programmes by means of other programmes. It assists the 
programmer in indicating to the machine the course of its actions, 
relieves him from the necessity to split the programme artificially 
into a sequence of operations, and renders the computer accessible 
to the layman. 

Automatically compiled programmes intended to solve elaborate 
problems compare favourably with programmes produced by 
programmers. They are written very fast, at a speed which is 
beyond the range of human ability. Any syntactic mistake which 
may slip into the programme during its preparation by man is 
automatically corrected by the computer. Believe it or not, but 
specialists were highly sceptical about computers almost until 
yesterday, calling them the dinosaurus of computer technology and 
defaming them among themselves. They didn’t share the enthusiasm 
of the general public who praised the computer’s virtues in unison 
with the media’s fanfare about miracle machines, electronic brains, 
calculating giants and magnificent creations of man. 

The point is that every computer system consists of several 
devices which operate somewhat independently from one another 
and not all at the same time. Until quite recently, some of them 
were more inactive than on the go, so that costly equipment was 
utilized inefficiently. Such systems functioned as erroneously 
engineered transfer lines consisted of machine tools with different 
rates of output. 

The remedy was found by providing a kind of process stock, as 
this is done for each low-productivity machine tool. The down 
period during each operating cycle is thus reduced and the 
utilization factor of the equipment approaches unity. 
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Designers have inculcated in every item of a computer system 
the ability to operate simultaneously and independently, as 
prescribed by several programmes or different parts of the same 
programme. That means, the computer can solve more than one 
problem at a time. The work load is uniformly distributed between 
the components of the equipment so that each of them operates on 
its own accord without waiting until its neighbour completes its 
assignment. This technique has been termed multiprogramming. 

A conversation with Academician Axel Berg at the Cybernetic 
Council, USSR Academy of Sciences, comes to mind. The scientist 
emphatically remarked (he couldn’t discuss cybernetics in a moderate 
tone of voice) that multiprogramming was an event of equal 
significance as the advent of the printing press. 

That’s the dialectic of evolution: any progress, any novelty 
presents a difficulty in due time, which can be overcome over the 
course of further progress. 

Multiprogramming has significantly increased the efficiency of 
computer operations. But at the same time it has aggravated an old 
problem: an increase in computer power leads to greater losses of 
unproductive work time. 

Housekeeping, as it’s called in computer parlance, is a time 
consuming procedure which requires a great organizing effort. Some 
computers waste as much as eighty per cent of their time in 
overcoming the so-called electronic red tape—the exchange of 
information between the items of a computer system and data 
retrieval. 

To streamline operation, a hierarchial principle has been 
introduced. Accordingly, a computer complex is formed from 
individual computers of different degrees of sophistication (this 
means that each of them can cope with a certain task). The 
complex is connected to peripheral input-output devices in the form 
of keyboards, printers and video displays—a kind of TV set which 
can reproduce symbols, numerals and graphs. The complex can 
operate with many hundreds, if not thousands, of users at a time 
but each of them feels as if he alone is using the computer system. 
Those users whose problems pose no difficulties, are not given 
access to the main computer. Their requests are taken care of by 
a special control programme which monitors the sequential order of 
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problems and functions so as to route simple ones to small 
computers that function as helpers. This mode of operation is 
termed timesharing. 

Intricate problems are solved on the main computer. Direct 
access to it is limited, and an appropriate clearance can be obtained 
by a few users only through a special keyboard. This high-priority 
keyboard can suspend the execution of the control programme if 
a certain user needs immediate access to the system. But the normal 
routine is to relay to the main computer only those problems which 
cannot be solved on other units of the complex. 

An extra high-speed computer, a greedy digit eater, is connected 
to the main computer. Speedily handling voluminous and intricate 
calculations, it functions as a kind of slave who prepares a rough 
draft for his master. 

Thus, some sort of grading according to complexity is 
employed. It’s hardly necessary to crack the modest nut of 
a student’s problem with an electronic sledge-hammer. 
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CC is the abbreviation for computer centre. Before attempting to 
describe one, I visited a few of them. 

Our car darted through quiet Dimitrov Street and shot out into 
a noisy square. A brief halt at a traffic light, and we were speeding 
along Lenin Avenue. Somewhere in the middle we turned into 
Vavilov Street and pulled up at a high iron fence. Behind it we 
could see three-storied buildings of unpretentious architecture. One 
of them was the Computer Centre of the USSR Academy of 
Sciences. 

Also, I visited the computer centres at Moscow University, 
USSR State Planning Committee, and Likhatchev Automobile 
Works, I visited small and large ones, specialized and multipurpose, 
sectorial and central, national and international. I saw computer 
centres in Yugoslavia, Japan, France, Finland and was a guest at 
the General Market’s Computer Centre serving the needs of the 
European Economic Community. 

I then went to work at my desk. 
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However, I must confess that my effort to depict these new but 
obviously unusual digit-consuming-and-digit-producing plants, as 
computer centres are nicknamed now, was of no avail. 

I was rescued by a business-like and in a way interesting book 
by V. Loskutov, an expert on computers and computer 
organizations. I've realized that the reader needs no general picture. 
He'll get the right impression about computer centres if I disclose 
a few details from the book. 

Before moving on, however, I'd like to point out that society’s 
great strides in the economic field have rendered time as valuable as 
gold. Any delay in solving a scientific, technological or economic 
problem might cost the nation a great deal. If power-generating 
machinery is called the muscles of modern civilization, computers 
can justly be referred to as civilization’s brains. High-capacity 
computers that cost tens of millions of roubles have become public 
property, a yardstick of the nation’s economic and strategic 
potential. 

Now back to CC. 

Staffed with scientists and skilled operators, computer centres 


provide for an efficient utilization of costly high-capacity equipment. 
They ensure a speedy return on high investments and a maximum 
economic gain. 

In this country, there are hundreds of computer centres which 
automatically process information and offer solutions in science and 
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engineering, planning and economy evaluations, management control. 
They belong to various categories. 

Coming under the first category is the USSR Academy of 
Science’s Computer Centre. Its modern equipment is engrossed in 
pure and applied research, computational mathematics and software 
production. 

A typical representative of the second group is the State 
Planning Committee’s Main Computer Centre. It’s assigned to 
develop and implement the mathematical solutions of economic 
problems, carry out planning calculations and economic studies. 

The third group of computer centres concentrates on statistics, 
accounting and cost analysis, management control. 

Well-run computer centres commonly operate on a three-shift 
basis and average at least twenty busy hours a day. 

A fantastic calculating bureau manned by one hundred thousand 
calculators can’t excell a computer centre, merely because the 
computer is a hundred thousandfold more productive than the most 
skilled calculator. In contrast to the past when most designers 
would reject as unacceptable any idea which couldn’t be validated 
by calculations that would last at least a year, any modern problem 
which calls for one hundred year’s calculations would be rated as 
simple by mathematicians. For a high-speed computer, that would 
be a day’s job. A century or a day—could there be any better 
publicity for the computer centre? 

A new trend in computer centre utilization is now taking shape 
which is based on the principle of collectivization. The available 
facilities are pooled into what is called computer system utilities. 
Such utilities are mushrooming now all over the world. Hundreds 
are already in operation and more will be opened. 

In this country too, thousands of computer centres will be 
linked to form a national network, a kind of computorized striking 
force. 

The automatic management and information centres which exist 
at factories and establishments of each particular industry will be 
linked into a unified sectorial system. The sectorial systems will 
operate in conjunction with the State Planning Committee’s Main 
Data Processing Centre. Thus, the automatic management and 
information systems in operation at the plant level and similar 
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higher-level sectorial systems, which serve the needs of a given 
industry, will form a nation-wide system of automatic management 
and information. Its mainstay will be a web of local data processing 
and information centres. 

The key to the successful operation of such a wide-spread 
network is the union of computers with means of 
communication — phones, teletypes, radio links, TVs. The joint system 
of data acquisition, transmission, storing and processing will unite 
the streams of statistical, process-controlling, economic, managerial 
and other information into a river that will feed automatic data 
banks all over the country. 

Any of the systems will be in continuous operation and at the 
finger tips of any user who may request its assistance on any 
occassion and at any time. 

So, computer centres will be replaced by computer utilities. 
They will serve our needs as do water, gas, electricity and the 
telephone. Access to the computer and the files which store 
a tremendous amount of information will be free, without mediators 
and irrespective of time and distance. 

This system is already at the developmental stage. 


/2. ODREDGES OF SCIENCE 


A distinct watershed which has materialized since the advent of the 
computer separates the precomputer period from the computer era. 
Geared toward the computer, scientific research has reached such 
heights of effectiveness that the unprecedented qualitative leaps made 
in some realms of knowledge are not surprising. Any example of 
this would sound trivial. Notable is the general trend towards 
automated research which has been developed and encouraged by 
scientists themselves. 

Way back in 1958, Academician V. Glushkov was requested to 
act as an opponent at a defense of a doctor’s thesis. On buckling 
down to work, he literally clutched at his head: each identity would 
take at least one half an hour to check. This meant in terms of 
time that he would rewrite the thesis for a stranger. Fortunately, 

a salutary idea occurred to him. Recruiting the assistance of 

a computer, an act that could be wrongly qualified as suiting his 
own end, he managed to cope with the problem in several hours, 
not months. This was one of the first portents of computorized 
research—a blessing enjoyed now by scientists far and wide. 

The birth of new heavy elementary particles known as xi minus 
hyperons couldn’t be registered without examining one hundred and 
two thousand photographs of the traces of nuclear reactions. Would 
it be possible to process the results of the study without 
a computer? And what about meteorological data systematization? 
Up to a billion units of information relayed from weather satellites 
are processed by computers every day. 

Take the equipment used in scientific experiments. Experimental 
control would be a formidable task without the use of automation. 
Before all, this applies, for example, to a large accelerator—a 
machine of the nuclear age, a grandiose creation of engineering in 
which monumentality is fused with accuracy. However, the price of 
accuracy is significantly cut due to a cybernetic system which 
corrects the path of particles. The machine abounds in electronic, 
electric and vacuum devices. An automatic system keeps tabs on the 
beam of accelerated particles, and a computer optimizes the 
accelerator’s performance. The accelerator is in fact a cybernetic 
machine for conducting cybernetic experiments. 
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Any researcher, either an experimenter or a theorist, who does 
not have access to a computer can be likened now to a hunter 
without a shotgun. No exact science can exist without mathematics. 
Likewise, no substantive experiment can be carried out without 
mathematical support which calls for a tremendous amount of 
calculations. In some scientific domains, as Academician 
A. Dorodnitsyn, Director of the USSR Academy of Science’s 
Computer Centre, points out, the computer is the sole tool of 
research. 

If the slide rule was the engineer’s symbol, the computer has 
become the symbol of the scientist. 

The speed of a space flight exceeds the velocity of sound twenty 
to thirty times. As the air consequently heats up, it undergoes 
a reaction: the molecules of oxygen and nitrogen break down into 
atoms which form oxides. The air also reacts with the material of 
the missile’s shell. 

Taking this into account, it’s advisable to reproduce a space 
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flight under terrestrial conditions on a greatly reduced scale. 
However, to construct a model that would simulate the space 
environment is practically impossible. The problem can be solved by 
mathematical calculations, but these can be so complex that only 

a high-speed computer is capable of coping with them. 

A nuclear reaction can be initiated only when the reacting 
masses reach a critical value. Field experiments are so money and 
time consuming that they are actually impossible in this case. The 
only practical way of solving the problem jis to carry out 
calculations on a high-speed computer. 

Discontinuity, a phenomenon when certain properties of 
a medium undergo sudden changes, is known in modern physics 
and mechanics. For example, the state of a medium or the 
parameters of its motion can be subjected to a change, as is the 
case with shock waves whose velocity and temperature density may 
change stepwise. 

In the precomputer period, it was impossible to deal with 
discontinuity processes, but modern methods offer appropriate 
solutions. In mathematical parlance, these methods must provide for 
a continuous count in accordance with the same pattern of 
calculations, irrespective of whether the solution and the properties 
of the medium involved are continuous or discontinuous. The 
discontinuities can be thus identified automatically, without their 
location and time being known in advance. 

Apart from the traditional applications in arithmetical 
calculations, computers are used to cope with analytical calculus on 
an ever-increasing scale. Thus it’s possible to simplify algebraic 
expressions, differentiate, take indefinite integrals of elementary 
functions and solve differential equations. In each of these cases the 
computer will manipulate with mathematical symbols. The fact that 
the computer can not only do arithmetics with symbols but 
calculate arithmetical expressions without rounding them off, has 
made machine analytics an effective tool for very accurate solutions 
to problems. 

Computorized analytical calculations are widely used in 
fundamental and applied research, in celestial] mechanics, the general 
theory of relativity and the quantum theory of field. 

The electronic brain has become a multipurpose automaton of 
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science. The paper tape, which emerges in heaps from a computer, 

deciphers the radio waves from a distant star lost in galactic chaos, 
delineates the wing profile of a supersonic air liner, describes 

a chemical reaction of the future and hints at the Khett language’s 
riddle. The millstones of mathematics can grind everything, provided 
the methodology is correct and the programme exact. 

The reference to “the millstones of mathematics” reminds me of 
a remark by a witty Englishman that you can’t expect a computer 
to produce a steak if you feed it sand. 

There is a trend to transform scientific research into a kind of 
mechanized experimention. At the heart of it will be a man-machine 
complex with a dialogue and with its way of fusing the natural 
mental gift of man with the artificial mental power of machine. 
However, a lot of methodological and even philosophical problems 
must be solved beforehand. Such as, for example, the scientist’s 
ability to operate the computer in tempo of his own thoughts. The 
effectiveness of his work will depend greatly on this ability. 

Many a scientist are still very old-fashioned in their attitude 
toward computers. Treating them as just a novel tool, they ignore 
the fact that computers are a new means of probing into various 
phenomena which have dramatically raised the standards of 
workmanship, revolutionized exploration and the very process of 
reasoning. After all, automated research systems and even automated 
scientific exploration complexes are already in operation. 

The faster the speed of computer’s millstones, the more data 
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they process, and the larger is the field from which comes the 
harvest. 

Gone is the time when discoveries were laying on the surface 
and could be extracted without sophisticated equipment. Golden 
nuggets are a rarity now. Sky-high heaps of scientific rock must be 
sifted before finding one. Computers, the dredges of science, are at 
work day and night. They have paradoxically made scientific 
exploration easier by its very complexity. 

It’s now easier to search, but harder to find. 


: 
77/ CRIME AND PUNISHMENT 


At first—in fact, very long ago—he had been much occupied with 
one question: why are almost al! crimes so badly concealed and so easily 
detected, and why do almost all criminals leave such obvious traces? 
F. Dostoevsky “Crime and Punishment” 


Daniil Granin, a Leningrad author, tells in his short story Thirteen 
Steps about his visit—in the company of Dostoevsky’s grandson 
Andrei Fedorovich who is a literary authority on Dostoevsky —to 
the places connected with the novel Crime and Punishment. 

“As we came into Mayorov Prospect”, Granin writes, “Andrei 
Fedorovich started to tell us what establishments of bad character, 
taverns and public houses had been located there and in 
neighbouring streets in those times, a hundred years ago. He saw 
the scenery with the eyes of Dostoevsky’s contemporaries and knew 
the history of almost every building in detail. We were spe!l-bound 
by his story, as people always are who listen to a historian, until 
he, pointing at a gate, told us that in the courtyard behind the gate 
was the stone under which Raskolnikov had harboured the jewelry 
taken from the old woman. Sounding very convincing and noting 
our bewilderment, he opened the book he had with him to a page 
marked with a book-marker and read: ‘For coming out of 
V-Prospect towards the square, he saw on the left a passage leading 
between two blank walls to a courtyard. On the right hand, the 
blank unwhitewashed wall of a four-storied house stretched far into 
the court; ...What followed was a detailed description of the 
secluded place where the big unhewn stone was lying. 

“We went around and checked. Everything fitted in, everything 
was accurate. However, I must confess that I didn’t believe it. 

I thought it was a coincidence, a fortuity nothing more. 

“As we turned right onto Przhevalsky Street, Andrei Fedorovich 
told us that this was the house Raskolnikov had lived. The house 
looked dreadful and so did the courtyard, as if on purpose. The 
courtyard was muddy; scattered about were used tins, rubbish, 
broken chairs. Mounting a few worn out steps and a narrow dark 
stairway with arched door apertures, we came to Raskolnikov’s 
garret. 
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‘His garret was under the roof of a high, five-storied house.... 
The landlady who provided him with garret..., lived on the floor 
below, and every time he went out he was obliged to pass her 
kitchen, the door of which invariably stood open,’ 

“There it was; the garret and the thirteen steps leading to it, 
just like in the novel. Flanking the stairway was the flat with the 
kitchen, and it was the kitchen that faced the landing. 

“Now then, could there be other Stairways in the house situated 
in the same way? No. That was the only one that matched the 
description. Well, let it be so. But why was so much importance 
attached to all these details in the novel? That was the trick. The 
layout played an important part, and above all for Raskolnikov. 
The kitchen was the focal point of all his actions. It was there that 
he spied the axe he needed for the murder. However, on descending 
the stairway he noted that, firstly, Nastasia, the maid, was in the 
kitchen and, secondly, the axe wasn’t there. All of a sudden all the 
trifles which he had neglected believing them to be insignificant 
against the strength of his will and his main ideas came into play. 
But now, it was these that came to life. 

“As Andrei went on reading, we repeated all of Raskolnikov’s 
movements. We stepped down into the courtyard and went into the 
gateway where Raskolnikov had stood aimlessly, feeling humilated 
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and crushed until he suddenly saw the axe in the porter’s tiny 
room. There it was, the porter’s room, two steps down (two, exactly 
as in reality). We looked into the damp darkness—a store-room was 
there now. As we left, we headed toward the pawn-broker’s house. 

‘He had not far to go, he knew indeed how many steps it was 
from the gate of his lodging house: exactly seven hundred and 
thirty’. 

“Gradually becoming imbued with Raskolnikov’s feeling, we also 
counted the steps as we came up with a sinking heart to ‘a huge 
house which on one side looked to the canal and on the other onto 
the street.’ Fortunately, the house stood there almost unchanged, 
painted grayish pink. ‘There was a continuous coming and going 
through the two gates and in the two courtyards of the house’. In 
the courtyard, numerous windows, all of the same sort, watched us 
from all sides, creating an uneasy feeling. We went up the narrow 
dark stairway with worn down copper balls along the banisters, and 
stopped at the fourth floor in front of a door; it was the 
pawn-broker’s flat. We met nobody on the stairs. A feeling of 
complete transformation overwhelmed us; our hands trembled.... 
Why did Dostoevsky resort to such an exactness? In fact, no 
Raskolnikov had ever existed. But what about his garret and the 
thirteen steps leading to it? They were there. After all, Dostoevsky 
had been to that place in person to pick that very stairway and 
garret for his hero; he also picked the pawn-broker’s house and flat. 
Having made his choice, he went over Raskolnikov’s entire way 
more than once; for he managed to count the steps and stairs. It 
stood thus to reason that he had performed that very scene on the 
spot, as well as other scenes, just for himself, with the exactness of 
an official police report, acting like a criminal investigator.” 

Time and again D. Granin asks the same question: “Why did 
Dostoevsky resort to such exactness?” Granin’s interest is that of an 
author. Our’s is somewhat different; Dostoevsky was “acting like 
a criminal investigator.” He goes into the details of the crime, 
describes every trifle, for after crime comes punishment. But before 
that, the criminal must be found. 

Long, very long indeed and laborious is the way to retribution! 
What tricks didn’t Porfiry Pertrovitch, the investigator, invent, in 
order to prove a suspect guilty! What a gift for analysis, what 
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a memory a person must have in order to make a correct 
conclusion and to act at the same time tactfully so as not to 
humilate the suspect and affront his human dignity! And what 
intuition is required in this case! 

But what would you say if an accurate calculation is substituted 
for intuition? What if we recruit the assistance of a machine, its 
analytical intellect and memory which have been considered to be 
purely human faculties? What would happen then? 

The scene of the murder reproduced by the genius of the great 


author, if treated in isolation as a logical sequence of events, might 
be written in terms of cybernetic notation as a laconic formula. 

Why is such notation needed? To answer this question, let us 
now consider a crime, committed a century ago, in our days. 

... When an elderly recidivist housebreaker Ch learned that 
a lonely painter, let’s call him N, had fallen seriously ill and been 
hospitalized, he proposed the following to his own son-in-law S: to 
burglarize the painter’s house where clothes and paintings could be 
found. 

The son-in-law said OK. Deciding to carry out the raid the 
next night, the criminals planned it carefully. They scrupulously took 
notice of every, as they thought, even the smallest detail. 

The plan was to break into the house through either the front 
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door or back entrance or a basement window as soon as the lights 
were put out. As a last resort, they planned to use a window which 
opened into the courtyard. 

A scouting mission revealed that neither the front door nor the 
back entrance could be forced without making noise. The basement 
window could be opened, but the basement door leading into the 
house could be locked. The decision was to enter the house through 
the courtyard window. After some discussion about the tools that 
would be needed to remove the putty, the criminals agreed that 
a screwdriver and a knife would do. Neither fresh putty for putting 
the window pane back into place nor sacks and cord to pack the 
booty were overlooked. 

As soon as it was dark and quiet everywhere, Ch fetched the 
ladder hidden in the shed of a neighbouring house and propped it 
against the house’s wall. S climbed up to the window and tried to 
break the glass, but was unsuccessful. He carefully scraped out the 
putty with the knife, gathered the bits and cautiously removed the 
glass. 

As the burglars entered the house, they pulled the ladder inside 
through the window and immediately closed it. They were short of 
time. Paintings were cut out with a razor, hastily rolled up, tied 
with the cord and tucked into the sacks together with the clothes. 
The sacks were taken out into the courtyard through the window 
which was then closed, the glass put back into place and thoroughly 
puttied. All that remained was to move the sacks secretly into 
hiding and sell the lot. 

Let’s denote Ch by X, S by Y, the painter by N and the 
various situations and actions by the following symbols: 


A, find out if N is in the hospital p,, is N in the hospital? 
B, persuade Y to take part in the burglary P,, would Y take part? 

C, secretly arrive at the spot p., did anybody see? 

D, open the front door as soon as the neigh- p,, are the lights out? 
bours put out the lights Pz, is the front door open? 


E, break in through the back entrance if con- p,, is the back entrance locked? 

dition D can’t be fulfilled 

F, break in through the basement window if Py, is access into the house impossible? 
condition E can’t be fulfilled 

G, break in through the courtyard window if Dy» is access possible? 

condition F can’t be fulfilled 


6-222 


EZ Crime and Punishment 


Scrape out the putty if the window pane 

can’t be broken 

H, steal clothes and paintings and take the P,, are clothes and paintings stolen and 
booty out into the courtyard taken out? 

K, put the window pane back into place, if P,, did anybody see? 

nobody sees 

L, beat it with the booty 


The sequence of events may be represented in symbols as 


follows: 
0 10 20 30 43 54 stop 5 65 Tee stop 8 97 
t Apat! Bpyt! Cpctl pat! Dpa t) Hpp t | Ep.tl Fprt! Gp, t Hp,t Kp,t) L 


The question which arises again is why is it necessary to 
encode a simple and clear story of a crime given in a language 
understandable by anyone? 

The purpose of this symbolic record is to simplify the study of 
crimes patterns by statistical means and facilitate the filing of 
criminal cases in accordance with a special system. This is done in 
order to be able to apprise a crime in detail at the stages of 
planning and committing it, and concealing the traces. If you look 
into the above symbolic record of the burglary, you will appreciate 
its practical significance (note that an upward pointing arrow 
indicates that the condition is fulfilled and downward pointing one 
that it is not). 

The numerous cases of similar crimes are entered into special 
cards and collated. In professional parlance, this is the so-called 
crime variability clearing. The conventional method for systematizing 
and collating crimes is tedious. 

The symbolic method is simple and more accurate. Consider an 
analysis of public telephone vandalism cases. 

Let’s use the following notation: 


P,, the offender is a teenager (P}, the offender is an adult) 

B,, the public telephone is in an out-of-the-way location 

B,, the teenager came on a bike 

B,, tools were used 

B,, the offender was intoxicated 

B,, he had an accomplice 

Bg, the offence committed by day (Bj, the offence committed at night) 


j 
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The various stages of an offence can be symbolized as follows: 


P,, armoured cord torn off Pg, lamps shattered 

Pz, armoured cord cut off py, telephone directory torn into pieces 
P3, components stolen Pio telephone directory stolen 

P4, dial bent P11, door handle broken off 

Ps, phone damaged P32, booth door taken off the hinges 
Pe, coil slot blocked P13, glass broken 

p;, coin box broken open Px4, filth in booth 


Using A to denote the entering of the booth by the offender, 
Z for his leaving the booth, P for the offender himself, B, for the 
circumstances of the offence, and p, for the offender’s actions, we 
obtain the formula for a general case: 


(PB) Ap,Z 


In our particular case of a teenager on a bike who vandalizes 
a public telephone in an out-of-the-way location at night, breaks the 
glass with a stone, tears the telephone directory into pieces, and 
breaks open the coin box, we have 


(pnB,B2B3.. .Bé) APzP9---P13Z 


Just a single line, but what a wealth of information it contains! 
Strict, short formulae which are unaffected by the style of writing 
are more easily collated than multi-page police records interpretable 
in various ways. 

At the New York City police headquarters, any fresh report 
about a crime is coded and entered into the computer. In less than 
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three minutes the machine provides the investigator with the 
information on all similar offences which were committed in the city 
ever before. “Why not to look for the prospective criminal among 
the people who have been already put on record?”, thinks the 
investigator. He has every reason to proceed in this way. The point 
is that in committing a crime, the criminal’s habits and manners are 
stable features of his character which the criminal can neither give 
up nor change, no mater how hard he may try. Examining crimes 
for features which are similar or dissimilar is in fact the comparison 
of versions. As already stated, short formulae can be collated more 
readily than voluminous dossiers. 

A criminal expert is always pressed for time. No investigator 
would wait for years to disclose his findings. Moreover, in solving 
a given problem of limited significance, the criminal expert must 
always be aware of the general scope of the investigation. He can’t 
know in advance what information he will be requested to provide 
at some later date and must therefore attack the problem on as 
wide front as possible. That’s why criminology arms itself with the 
newest cybernetic equipment which helps the investigator to 
overcome many difficulties. 

The electronic gear used by criminal experts is a good time 
saver. The detection and study of clues to a crime is an act of an 
informative-technical nature. This means that it lends itself to 
cybernetic analysis. Automata have been developed which can “feel”, 
record, and encode the informative significance of foot- and 
finger-prints, tool scratches. By comparing these traces with the 
original ones, in what ways they correspond to each Other, in every 
detail or only partly, can be assessed. 

Electronic devices can read written texts. They are used for an 
objective comparison and analysis of handwritings which have been 
intentionally distorted. 

The various signs which provide the basis for the classification 
of handwritings, finger-prints, cartridges and other clues can be 
stored in a computer file. These technicalities greatly improve the 
effectiveness of criminal investigations. They help to establish the 
technique and background of crimes, and streamline the procedure 
of filing crimes. But before all, they speed up the investigation. 

Owing to cybernetics, the fact-finding procedure used in 
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criminology has acquired a new qualitative status, being termed now 
information. 

Game-playing automata are used nowadays in economic studies 
and military planning. They determine the possible behaviour of the 
parties and “calculate” their tactics. Criminology must also solve 
tactical problems. It deals with situations that arise on the basis of 
the information provided by the informant, gathered at the scene of 
crime and acquired in interrogating the witnesses. This forms the 
basis for several substantiated versions of the crime which have, 
however, different degrees of probability. 

Not excluded are the cases when useful information is not only 
withheld but information which is irrelevant to the felony or which 
even interferes with the investigation may be introduced. This is 
called noise. 

The facts which have been established permit the investigator to 
plan the course of his actions in general and step by step. He 
questions the suspect and the witnesses in order either to acquire 
fresh information or to prove the known facts. The questioning is 
a tactical game similar to the games used in cybernetics. During 
questioning, the investigator and the person whom he interrogates 
face each other as opponents. 

This all is not quite usual. Questioning is a category influenced 
not only by the tactical principles of a cybernetic game. The 
progress in questioning also depends on the mood of the 
investigator and that of the person interrogated, on public opinion 
and some other factors. But the quest for a correct solution is 
always based on cybernetic principles. Both parties strive to 
achieve—in accordance with their tactics, behaviour, testimonies and 
questions—the state which in cybernetics is called maximum stability. 

The investigator cross-checks the answers and incessantly 
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analyses the information obtained. His tactics vary depending on the 
success or failure of the questioning. Any contradiction between the 
parties in the game or between the facts that are being collated is 
an indication of system instability. Stability is achievable by 
smoothing out the contradictions. At this point, the investigator may 
sigh with relief, for he has solved the crime and everything is now 
clear. 

It goes without saying that the main principle of socialist 
legality, i.e. respect of human rights, is honoured in our 
criminology. Even the likely criminal is treated only as an opponent 
in a cybernetic game. 

In addition to information theory, criminology also uses the 
theory of probability. Experts in handwriting and dactylography 
can’t do without this purely mathematical branch of science. The 
results of the spectral analysis of material evidence are interpreted in 
terms .of the theory of probability, and works have appeared which 
discuss, the application of this theory to modelling the process of 
proving a crime. Mathematical statistics help criminal experts in 
their examinations and criminal analysts in their studies. 

Criminology uses calculus. Trigonometry is employed to express 
photographic evidence mathematically. Nomography and algebra are 
not strangers to criminology, and logic is greatly relied upon. 

It’s not at all unlikely to use cybernetics to disentagle intricate 
webs of contradictions in criminal cases. Numerous versions of 
a crime which take into account numerous variables can be checked 
on a computer at an incredible speed and with great accuracy, using 
electronic models. Even the checking of every conceivable version 
will not be a problem. The final decision made by the investigator 
on the basis of the objective and exact answers provided by the 
computer will never be influenced by a casual impression, let alone 
prejudice. 

But don’t get the notion that cybernetics has already become 
a detective whose expertise is superior to that of Sherlock Holmes’. 
It’s making its first steps in criminology so far. 
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“Francis Bennet went to his study with the intention of going 
through the bills that arrived during the day. What an incredible 
task this is for a business run at a cost of $ 800000 a day! 
Fortunately, the progress in modern technology reduced such 
calculations to a minimum. The upright calculating piano which was 
operated electrically enabled Francis Bennet to finish his work 
before long.” 

That’s a quotation from Jules Verne. The great sci-fic writer 
described the calculator well ahead of the advent of the computer. 
His foresight is a miracle, despite a “slight” inaccuracy in timing; he 
predicted that the calculator would appear in the 29th century. 

However, in my opinion, the gift for inventing machines that 
embody the principles of future technology deserves much more 
praise than the faculty of predicting the appearance of a technical 
miracle. 

Therefore, it seems to be more appropriate to mention before 
all the British mathematician Charles Babbidge, whose engineering 
projects brilliantly foreshadowed the main design principles for 
modern computers. One must give credit to the great German 
scientist Leibniz, the outstanding Russian mathematician Chebyshev, 
the talented Petersburg engineer Odner, and to many others. Their 
names are well known in the three-hundred-year old history of 
calculators. 

I’ve no intention of revising this history, but a few facts from 
more ancient times may be of interest to the reader. 

LAMOUR TYRANNIQUE AND THE CALCULATING MACHINE, On April 3, 
1639, Scudéry’s tragicomedy [Amour Tyrannique gave a full-house 
performance in Paris. In a whim to amuse himself, the mighty 
cardinal Richelieu—France’s actual ruler during the times of Louis 
XIII—had a fancy to stage the play by an amateur company of 
young girls specially picked for the event. 

The show was a hit, and young Jacquline was the star. Her 
charm and beauty won everyone’s heart and her histrionic ability 
caused the prominent audience, including the cardinal himself, to 
burst into applause time and again. After the show, the cardinal 
went backstage to express his admiration. All of a sudden, Jacquline 
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came up to Richelieu and started to recite, her eyes cast down: 

“My peerless Armand, don’t get surprised that I failed to enjoy 
your ear and sight so as you really deserved it. An anxiety tortured 
my soul. To make me fit to please you, return my miserable father 
from exile, save the innocent! That will free my spirit and body, my 
voice and gesture.” 

The surprised and totally enchanted cardinal lifted the girl from 
the floor and kissed her before she had finished, saying: “My child, 
Pll do anything you want.” 

Curiously enough, this episode paved the way for the first 
arithmetical machine. Long awaited for, it was invented in three 
years. 

Jacquline was the younger sister of Blaise Pascal who became 
a prominent scholar. Blaise’s father Etienn was a man of some 
fortune. A year before the event described, he had lead a group of 
dissidents who disagreed with the French government’s decision to 
cut bank interests. 

Intolerant of any opposition, Richelieu ordered Pascal 
imprisoned. Forewarned by a friend, he had fled and thus escaped 
the Bastille’s dreary torture chambers. 

Shortly after the performance that Richelieu had been so fond 
of, Pascal was back at home. The cardinal was kind to the fugitive 
and appointed him intendant of Rouen, a post not lacking benefits. 

His main duty was tax collection. This job entailed a host of 
calculations, and the elderly Etienn Pascal would sit up night after 
night over the sums. 

Wishing to relieve his father from the tiresome work, young 
Blaise decided to invent a summation device that would facilitate 
calculations. It wasn’t an easy task, but everything went well. Soon, 
an arithmetic machine was ready. But three more years had passed 
before the inventor succeeded in developing a final model. 

Some fifty years ago, a French reporter wrote about over fifty 
of Pascal’s arithmetic machines which were still in existence. Each of 
them was made of a different material, given a different shape and 
displayed a different pattern of motion. 

The machines available today prove that. One is exhibited at 
the Paris Museum of Art and Craft. A dedication to the Paris 
Academy of Sciences, the inventor’s name, and the date of 
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manufacture can be found in Latin on the casing’s inside. An early 
machine specially made for chancellor Pierre Séguier is also in 
existence. 

Pascal’s invention was of paramount importance. Binet, 

a well-known mathematician, given a chance to examine the first 
arithmetic machine in detail, wrote that “Pascal’s idea is daring, for 
his time in particular, for he ventured to substitute a purely 
mechanical contrivance for our mentality and our memory.” 

An eye-opener for Pascal’s contemporaries, his machine caused 
legends to circulate and verses to be composed. High society 
crowded Luxemburg Palace to watch the remarkable invention. 

By that time, the inventor himself had come into prominence. 
He became known outside France. Christina, an eccentric Swedish 
queen and a “patron” of science, showed interest in Pascal. 
Descartes, a famous philosopher, had been watching him for quite 
some time. 

Pascal was named the Archimedes of France with persistent 
frequency, for he was a philosopher, a mathematician, a physicist, an 
inventor. 

As a philosopher, Pascal couldn’t but realize the implications of 
his invention. In his words, as far as reasoning is concerned, the 
arithmetic machine can perform better than an animal. 


YO On Ancestors and Predecessors 


Having thus proved that a mechanical contrivance can not only 
be helpful in manual labour but can cope with brain work as well, 
Pascal carried his deliberation further. The invention confirmed the 
notion which he had adopted under the influence of Descartes’ 
mechanistic theory, an erroneous in principle but a progressive one 
for those times, that the human brain functions automatically and 
that some of the intricate mental processes do not differ from 
mechanical ones. 

Of course, the level of knowledge during those times prevented 
Pascal from drawing correct philosophical conclusions. But you can 
see for yourself how daring his ideas were during a time when 
religion was absolute ruler and when it was believed that man’s 
so-called spiritual life was solely governed by the Almighty. 

ON ANCESTORS. The year was 1900. A vessel in pursuit of sponges off 
Peleponnesus sought refuge from a storm at an island. When the 
sea calmed down and the fishing went on, an ancient shipwreck 
with a load of marble statutes and bronze things—all in excellent 
condition—was found at a depth of sixty metres. According to 
expert estimates, the discovery’s age was two millennia. 

But this was only a part of the story. Some time later, when 
Valerios Statis from the Greek National Museum examined the 
bronze remnants, he discovered parts of a mechanism. The sea 
deposits, carefully removed layer after layer, revealed an instrument. 

Scientific opinions split: some said it was a navigating aid, others 
thought it to be a miniature planetarium, one of the kind 
Archimedes used to make. 

Further studies also provided no answer until, some fifty years 
later, an American named Derek de Solla Prans succeeded to 
reconstruct the instrument. It was a calculating machine invented 
approximately in 82 BC! 

Was the calculator the computer’s forefather produced twenty 
centuries ago? 

It’s generally recognized that computer history began with Blaise 
Pascal’s arithmetic machine. Diderot proudly mentioned this in 1751 
in his Encyclopédie. He was the first to describe the invention. 

However, Doctor Franz Hammer, a publisher of the great 
Kepler’s scientific legacy, discovered quite recently a letter and 
a pen-and-ink drawing among old manuscripts. Wilhelm Schickard, 
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a professor of mathematics and astronomy at Tiibingen University 
near Stuttgart, wrote to inform his friend Kepler that the calculating 
machine he had been building by analogy with one designed before 
had burnt down unfinished. This letter, which informed Kepler of 
the first machine which could count, was dated October 20, 1626. 
That was the year of Pascal’s birth. The letter went on to describe 
the machine’s ability to add, subtract, multiply and divide numbers 
automatically. 

It stands to reason that the machine mentioned in the letter 
could cope with four arithmetic functions; Pascal’s invention could 
perform only two. 

Early calculating machines were numerous. They were made of 
bronze, brass, ivory, exotic wood. They were encased in timber 
boxes and macaroni shipping crates. Hence, the name Macaronibox 
calculating machine. 

There were calculating machines sonorously christened 
Samostoty, Phoenix, Soley, Parmele, Sum, Millionaire. They were 
replaced by more advanced types whose names sounded, however, 
dull and featureless: Model No... 

Early calculating machines were masterminded by watchmakers 
and foundrymen, mathematicians and astronomers, priests, lords and 
even earls. 

A namesake of the well-known German mathematician Kummer 
approached the St Petersburg Academy of Sciences with an 
invention he had patented in 1847. V. Ostrogradsky, 

a mathematician and a Fellow of the Academy, commented: “In 
principle, the machine is designed to add and subtract. It can cope 
with any numbers, in any sequence and with less effort than any 
other contrivance of the same kind.” 

In 1949, that is a century later, a co-operative named 
Muzremont produced a calculating machine in the city of 
Dnepropetrovsk. A committee that had been set up to appraise the 
invention (it included a professor and an assistant professor) 
reported: 

“1. Muzremont’s initiative to produce Progress calculator 
deserves praise. 

2. The machine facilitates calculations. Operating with a large 
number of digits, it produces accurate sums, differences, products 
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and quotients. Progress may be of assistance to designers, 
researchers, college students and accountants.” 

The funny thing was that Progress differed only insignificantly 
from Kummer’s calculator. 

ON PREDECESSORS, The story of creating various logical machines is 

an interesting chapter in the history of logic and cybernetics. These 
machines are like monuments serving to keep alive the memory of 
early projects of mechanized intellect, of the Original concepts of an 
artificial brain. 

Originally it was thought that any truth could be learned from 
general concepts arranged in a certain way, and “reasoning” 
machines were invented to prove this. Philosophers dreamed to solve 
scientific problems, guess the riddles of life and learn the mysteries 
of heaven and earth with the aid of these machines. 

Among the early newcomers was the “reasoning” machine 
produced by Raymond Lully, a medieval philosopher, ecclesiastic 
and alchemist. It was of simple construction. A large stationary disc 
bore nine questions inscribed all the way around its perimeter. The 
questions read: How many? Which of the two? When? Where? 
What is the quality? and the like. Five rotatable discs of a smaller 
diameter were fixed coaxially with the large disc. Every small disc 
was divided into nine sectors, named chambers. These, too, bore 
inscriptions. One of the discs named nine basic sins and virtues, 
another disc—nine physical abilities, and so on. 

Lully managed to confine all the wisdom to the best of his 
knowledge to the chambers. Every time he turned any of the 
rotatable discs through some graduations at random while the rest 
of the discs remained static, a combination of words registered with 
the questions on the main immovable disc. 

It goes without saying that no logical problem could be solved 
on this machine. Its “revelations” were as a rule sheer nonsense. 
Lully was very proud of his invention and named it “a creation of 
great art.” The inventor was, however, ignorant of the rules that 
could help him select the right deduction out of the host that were 
offered and he couldn’t provide his machine with proper 
instructions. In other words, he had no algorithm at his disposal. 

Nevertheless, Lully’s creation deserves respect. It’s mentioned in 
an essay on logical machines: “The concept of logical machines was 
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conceived by the Spanish scholastic Raymond Lully at the end of 
the 13th century, was thought about by Leibniz and acquired a new 
meaning with the advent of mathematical logic in the 19th century.” 

The mechanization of logical deductions was a notion that kept 
scholars in a state of agitation for centuries. Even some very 
prominent men were tempted by the idea of building a “reasoning 
contrivance”, to produce a “thinking machine.” Giordano Bruno 
became keen on the Spanish philosopher’s dexterity in the 16th 
century. Afanasiy Kirkhner was engrossed in the idea of 
a “reasoning roulette” during the next century, and the philosopher 
Leibniz followed suit at the same time. 

William Stanley Jevons, a British economist from Manchester, 
produced a “logical upright piano” in 1870. Reasoning out 
deductions from premises given in the algebraic form, it singled out 
possible combinations of words. Jevons described his machine in the 
book Fundamentals of Science which was published in Russian in St 
Petersburg in 1881. 

A detailed account of Jevons’ logical machine was given in 
a paper presented by I. Sleshinsky, a professor of mathematics, at 
Odessa University on 24 September, 1883, during a meeting of the 
Novorossiysk Society of Naturalists. An article on the same subject 
by the same author appeared in Experimental Physics and 
Elementary Mathematics News the same year. 

Later on, logical machines stirred the interest of two prominent 
Russian specialists in physical chemistry—A. Shchukarev and 
P. Khrustchev. 

Shukarev was captivated by logic and scientific methodology. 
He lectured about “logical machines” in Moscow and Kharkov 
between 1905 and 1907. An elaborate report about his lecture at the 
Moscow Polytechnic Museum in 1914 was given by A. Sokolov in 
his article “Reasoning Machines” published in Around the World 
magazine, No. 18, 1914. It read inter alia: “Speaking about 
cognition and reasoning in the Polytechnic Museum’s large lecturing 
hall, A.N. Shchukarev, a professor from Kharkov Technological 
Institute, demonstrated a machine capable of logical reasoning.” 

Shchukarev was an enthusiast of precise methods. He 
interpreted things in terms of mathematics and explained his 
conceptions in’ The Theory of Cognition: Application in the Studies 
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of Natural Science, a book published in Odessa by Mathesis 
Publishers in 1913. The references to the “mechanization” of the 
thought process were, however, scarce there. 

But Shchukarev’s book provided a brief description and sketches 
of a machine designed by Pavel Khrustchev in Moscow, presumably 
in the 1900's. 

The well-known specialist in logic S. Povarin shed more light 
on Khrustchev’s creation in the book The Logic of Relations: Its 
Essence and Significance which was published in Petrograd in 1917. 
He wrote: “As far as I know, no other machine built by the late 
P. Khrustchev exists in Russia, except the one at the Kharkov 
University.” 

This machine was a lofty box with a keyboard used to set 
premises separately, one after another. Terminological combinations 
were displayed through slots, using rods which were contained in 
the box. 

Experimenting with Khrustchev’s machine, Shchukarev eventually 
modified it and produced a model of his own. He described it in 
the book Problems of the Cognition Theory: “The machine has been 
improved; an illuminated screen has been provided to present the 
read-out. Unlike Jevons’ machine which displayed the results of 
“reasoning” in character form using letters, our machine presented 
them in words.” 
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Shchukarev’s machine was a box standing forty centimeters 
righ. By analogy with the apparatus of Jevons and Khrustchey, it 
sould resolve four-term premises in terminological combinations 
which appeared not only in the viewing slots but also on an 
‘Iuminated screen. The circuits of the lamps which lighted the 
appropriate inscriptions on the screen were made by means of 
contact points fitted to the machine rods. 

Shchukarev tried to put his machine to a useful purpose. He 
solved on it, for example, a law problem suggested by a student 
from Rostov in 1916. “It’s not at all excluded that the logical 
machine will be able to solve similar problems,” wrote the scientist. 

In Soviet times, Shchukarev reviewed the problem as a whole in 
an article under the promising title “Thought Process 
Mechanization” which appeared in Bulletin of Knowledge magazine, 
No. 12, 1925. Styled simply and clearly, the article provided a brief 
summary of the author’s activities and inspired discussion. This was 
a curtain raiser for the debates about the reasoning abilities of 
machines which eventually took place among cyberneticians. 

Shchukarev was reserved in his conclusions. He felt that it was 
practical to mechanize only some thought processes in order to ease 
the mental strain sustained by men. Those who interpreted his 
works were quite definite in their deliberations. A. Sokolov wrote in 
the article referred to above: “If the desk calculator we use 
nowadays can add, subtract, and multiply millions at a push of the 
button, then it’s high time for a logical machine to appear on the 
scene in order to reason out accurate conclusions and deductions at 
the flick of a key. The machine will save a great deal of time and 
open up new vistas of creative work before man which, requiring 
inspiration, fantasy and hypothesizing, is the essence of our life.” 

Shchukarev’s ideas were favourably received by some prominent 
scientists. Among them were the zoologist and geographer 
P. Schmidt (his letter of support is kept in archives), and the 
authority in soil mechanics N. Gersevanov. Paul Ehrenfest, 

a theoretician of physics, pointed out the applicability of 
Shchukarev’s ideas in engineering practice. 

Modern computers are logical machines which owe their 
versatility and their ability to reason according to models. 

There were, however, scientists who rejected or disputed the 
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idea of providing “reasoning” machines. Some of them asserted that 
“all this isn’t void of ridicule,” other were indignant about “the 
attempts to persuade us that reasoning is formal and lends itself to 
mechanization.” 

This reminds us of a low-rank government clerk named Stepan 
Korsakov who came to St Petersburg from the provinces in 1832 to 
offer the so-called homeoscopes or ideascopes to the Academy of 
Sciences. The thrilling intelligent machines he had conceived could 
make logical deductions from a set of facts and mechanically 
memorize the output. They could encompass thousands of details in 
a wink and could be used, as the inventor claimed, in pharmacy for 
preparing medicines depending on the symptoms of illness. The 
classification of plants and animals was another possible field of 
application. 

Unfortunately, the invention was rejected with the biting 
comment by the Academy’s Fellows that “Mr. Korsakov has wasted 
toosmuch of his intellect in order to teach others how to manage 
without their brains.” 
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Any science abounds in curious phenomena. But they are met with 
more frequently in the literature that comments on science or 
elaborates on its history. Cybernetics is no exception. Cybernetic 
Medley seems to be the right place to discuss an inconsistency, all 
the more since it is associated with the name of the new science. 

The term cybernetics isn’t new, it originates from a Greek word 
which means helmsman. Ancient Greek philosophers used the term 
to denote the art of seamanship and management at the provincial 
level. Plato mentions it in The Dialogues. 

If you open Essais sur la Philosophie des Science by the famous 
French scientist André Marie Ampére, you will see that cybernetics 
is classified there as a science which comes under the heading 
“politics”. A number of popular 19th century’s dictionaries 
interpreted the term in the same way. According to Ampére, politics 
is a first-order science which has two branches referred to as 
second-order sciences. They are the science of coexistence 
(synsimenique) and politics proper (politique proprement dite). 
Cybernetics, the science concerned with control, is ranked as 
a third-order science together with etnodition (a science which 
studies human rights), diplomacy and the theory of power. 

The question is, when did Ampere use the term cybernetics for 
the first time? 

Professor V. Solodovnikov writes in “Control: The Key Problem 
of Cybernetics and Automation” which is an article from the book 
Automatic Control, USSR Academy of Sciences Publishing House, 
1961, that the term cybernetics was used for the first time in 1843. 
This point of view is expressed also in the collection Cybernetics in 
the Service of Communism, editor-in-chief Academician A. Berg, and 
in the book Cybernetics: Philosophical and Sociological Problems by 
L Novik. On the other hand, L. Teplov dates the event to 1840 in 
his Essays on Cybernetics. A small book for children Number and 
Thought by A. Kondratov hints that Ampere used the term for the 
first time in 1828. 

Ampére, the French physicist after whom the unit of electric 
current is named, was born in 1776 and died in 1836 at the age of 
sixty one. His Essais mentioned above, Part One, were published by 
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Bachelier, a Paris publisher, in 1834. Cybernetics was mentioned 
there only once, in the concluding table. 

The origin of the slip-up has intrigued me. However, my 
attempts to find out why A. Kondratov and L. Teplov cite the dates 
which are six years before the actual date and four years after 
Ampeéere’s death, respectively, were of no avail. 

As far as the “profound” publications mentioned above are 
concerned, the source of the mistakes might have been the Russian 
translation of Wiener’s Cybernetics. In the footnote, the translation 
editor G. Povarov pointed out that Ampére had mentioned 
cybernetics for the first time in his Essais in 1834. After that, 
Povarov referred to Part Two of Ampere’s work which had 
appeared in 1843. Cybernetics was mentioned there in Chapter 4, 
Section 4, pages 140-142. It’s not at all unlikely that since the title 
of the book’s second part had been given in French in the footnote, 
the actual date of 1834 slipped the authors’ attention. But this 
might .be just a guess, for the authors’ ways are inscrutable. 

Surprisingly, this confusion about the name of the new science 
produced a kind of aftereffect. 

G. Povarov is also the author of the book Ampere and 
Cybernetics which appeared in 1977. It’s a profound, if not 
fundamental, review of the great physicist’s concepts of cybernetics 
which are contrasted with the modern viewpoints on the problems 
of contro]. The author considers in detail the prospect of applying 
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cybernetics in various sciences concerned with man, society and 
nature. He also discloses his attitude to certain aspects in the future. 

The witty book attracted the attention not only of specialists. 

A popular weekly magazine carried a theatrical review which 
mentioned Povarov’s book. 

G. Povarov writes: 

“Contrasting the ideas of Ampére and those of Wiener, most 
authors in this country and abroad admit their logical correlation. 
However, they differ in estimating how far this correlation goes. 
Undoubtedly, the discovery of the brilliant precedence facilitated the 
acceptance of the new theory, but unfortunately the issue has been 
interpreted as a rule superficially and not always correctly.” 

In the footnote to that passage, attention is called to the 
discrepancy between the dates when Ampére had mentioned 
cybernetics for the first time. In this connection Povarov refers to 
Cybernetic Medley and confirms that Part One of Ampére’s Essais 
was published in 1834. 

There is no denying that the author of Ampere and Cybernetics 
isn’t exact. His historical analysis is immaculate. However, in tracing 
the evolution of the cybernetic way of thinking up to the present 
and discussing the problems which arise in connection with the term 
“cybernetics”, Povarov regretfully omits just one point. Confessing in 
the end that “the truth does not lay on the surface and that the 
avenue of approach to it abounds in surprising bends and steep 
gradients,” he fails to mention the crisis which faces cybernetics 
now. I refer to the drift in the term “cybernetics” which has been 
noted in recent years. The essence of the transformation has been 
discussed in the chapter “The Hard Core of the Matter”. 
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There is a bit of truth in every joke. This applies also to 
Academician Kapitsa’s joke: “Bionics is often claimed to be the 
youngest science. This isn’t correct, for it was the Lord himself who 
resorted to bionics in order to create man in his own image.” 

Bionics is truly the most ancient science. Mankind’s history 
dates back one hundred thousand years. Man began to watch 
nature as soon as he had acquired the faculty to perceive his 
surroundings. Animals, fish, and birds provided the models which 
showed man, who so far lacked much imagination, what and how 
he could built. 

What could our remote ancestor have observed? A soft splash 
of water, a bird’s flight, a beast’s run. He lived, judging by our 
standards, in a world of low speeds. The passage of time brought 
few changes, for the animals man had domesticated and the slaves 
who served him as “living machines” were also slowpokes. 

Only much later did man find himself in a world of machines 
which travelled or rotated at an ever-increasing speed and puzzled 
him more and more. Living in a world of sophisticated machines 
and neck-breaking speeds, man finally realized that nature is much 
more inventive and bowed to it. The intentional spying on nature 
by man gave birth to the science of bionics. 

With the advent of any new science, volunteers begin to seek 
pioneers and look for great forerunners. Leonardo da Vinci and 
Lomonosov are recalled along with their models of flying machines, 
and so is Galvani with his frog whose leg created the world of 
“living” electricity. Stox and Journea come into the. limelight. 
Documents were found about the German scientist Hoffner who 
examined the hides of sea cows which local inhabitants had used as 
the skin for their boats over two centuries ago. A treatise On 
Hexagon Snow by Johannes Kepler was found among the old 
manuscripts which have turned yellow. The great scientist was the 
first to postulate the idea of modelling nature’s unexcelled perfection. 

All of this is interesting and worth learning. But does it make 
sense to look into the roots? Let’s see what bionics’ current status 
is when no one would dare to repeat after the Gottingen professor 
Lichtenberg: “I can’t stop wondering about some men of fame who 
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declare that there is more wisdom in a fly’s wing than in 
a sophisticated clock.” 

The objectives pursued by bionics is an issue that splits 
opinions. Some hold the view that it studies biological systems with 
the intention of applying the acquired knowledge in engineering 
practice. It can be said that bionics lays the basis for a common 
language that will be spoken by biologists and engineers. Born in 
the days of cybernetics’ prime, bionics is called the daughter of 
cybernetics and biology. 

On the other hand, some authoritative circles think of bionics 
as an offspring of an aspect of biomimesis, which is an imitation of 
one form of life by another. It’s claimed in this connection that 
bionics can be neither identified with, nor treated as a part of, 
cybernetics. 

Irrespectively of all this, bionics is an excellent school that 
allows people to study nature and helps them to apply biological 
miracles in engineering. 

Some of the ardent bionics’ supporters go as far as to assert, 
for example, that the headway made by the physiology of higher 
nervous activity in the early 20th century was a victory mankind 
had won on the path to automatic production. 

Well, such a claim may now prove to be correct from the 
standpoint of bionics. 

Man is endowed with five senses: sight, touch, hearing, taste 
and smell. The senses of some living organisms are surprisingly 
superior to those of man. Scientists are puzzled by their mechanism 
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of perception, by their “flesh and blood” technology. Some animals 
can see invisible rays and hear inaudible sounds. 

Amtattlesnake responds to a temperature difference of one 
thousandth of a fraction of a degree. 

Some fish can smell an odorous substance in an amount as 
small as one hundred billionth of a per cent. This is equivalent to 
thirty grammes dissolved in the Aral Sea. 

Tropical bats locate edible fish in water by means of 
ultrasound. A butterfly is given, however, a protective coating that 
keeps it safe from bats’ sonic detection and ranging. 

Rats are capable of sensing radiation. Some microbes 
immediately respond even to a slight change in the radiation level. 
The oriental cockroach can see radiation; electrodes implanted in its 
eyes have proved this. 

Deep-sea fish are sensitive to insignificant variations in electric 
field strength. A current density that changes by a hundred billionth 
part of an ampere puts them on alert. 
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Eels, the dark-green fish about two metres long, generate 
electrical discharges as strong as six hundred volts. 

The blood-sucking mosquito applies a unit pressure of one 
million kilograms per square centimetre. Its effort is hardly 
imaginable, for the unit pressure exerted by a sixteen-kilogram 
weight with a base of four square centimetres is only four kilograms 
per square centimetre. 

A water bug known as back swimmer can sense the slightest 
vibration induced by a small body in contact with water. Preying 
on insects, it never misses one that falls on the water surface within 
a circular area with a diameter of one metre which is scanned by 
the bug. 

A fish by the name halfbeak, which occurs in the Nile, is 
provided with an organ that generates electromagnetic waves that 
help it to find the way through the water. 

It is assumed that bees notice every motion. Their eyes are 
referred to as time magnifiers. A motion picture should be projected 
for bees at a speed of eight hundred frames per second, instead of 
twenty four frames as for man. 

Sperm whales and other giantic whales can communicate with 
each other over a range of several hundred kilometres, using 
infra-audible (low frequency) signals. 

The faculty of animals to orientate themselves is a wonder. 
Pigeons home with pinpoint accuracy. Turtles always return to the 


104 The Most Ancient Science 


ie y 
Bh 
IL S 
| hal a 
Oh) a ee nl 
Poet FLT 
jy 
o's 
ox iy | th 
Saas MH || 
oe (ESE SB i 
a I ia lle 
a ey ee ee | 
Ht 
Be BS mee Ss 


same spawning shores every three years, covering thousands of 
kilometres of sea expanses. 

Insects, too, have certain remarkable capabilities. The brain of 
the praying mantis functions like a computer, accurately and 
instantaneously. It processes signals in one twentieth of a second so 
that no prey has time to escape the insect’s attack. 

The larvae of some tree-dwelling beetles aren’t afraid of an icy 
winter, for their cells produce a liquid that can’t freeze. The blood 
of the cod native to the Antarctic also has antifreezing properties. 

A study of Petrocl, a butterfly from the Morpho family, has 
revealed something quite astonishing: elements of what may be 
called hollograph-like structures. 

Nature has created a wide diversity of architectural forms, 
engineering structures, structural materials. A leaf of a plant, 

a flower of tulip, a stem of bamboo, a shell of a snail or a turtle, 
conceal numerous feats of the great craftsman—nature. 

The Nobel Prize winner von Frisch writes in his Architecture of 
Animals that birds, bees and social wasps are ahead of man by 
millenia as far as his most useful endeavours are concerned. 
Termites, for example, erect “houses” up to eight metres high. The 
human equivalent of such a structure would be a skyscraper two 
kilometers high. 

In light of these facts, could man resist the temptation to make 
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with his own hands all the things that nature has created? The 
world we live in now is one of jet planes and space ships, nuclear 
reactors and computers, where one must be sharp-sighted and brisk. 
The flexibility and dexterity that are lacking in rigid and fragile 
artifical creatures may also be needed sometimes. But before all, we 
neither can nor want to wait for perfection to come in billions of 
years as has occurred in the past with mother nature. 

It’s said that to explore means to see everything that everyone 
else sees but to think as no one else does. This is correct of course. 
But in these days we must see things which no one has ever seen 
before. 

Bionics’ emblem is the scalpel and the soldering iron 
intertwined with the integral. It symbolizes the union of the 
physiologist, the engineer, and the mathematician, which is conducive 
to an insight that previously no one was priveledged to. 

If we can watch a spider spinning its web, “weaving” 

a suspension bridge seems to present no problem. But how can one 
get an insight into a living creature? Only by using the scalpel. 

According to specialists, the efforts to realize the functions of 
various parts of our body, especially those which can be readily 
observed, date back quite a long time. Children of a very young age 
know that they need eyes in order to see. Later on, they learn that 
ears are needed for hearing. These deductions are arrived at by way 
of simple experiments: children close their eyes and plug their ears. 
The function of the heart is a less obvious thing. Obscurity gave 
rise to queer concepts in ancient medicine. At various times through 
history, the heart, the stomach and the liver were regarded as the 
receptacles of the soul and thought. Aristotle believed that the brain 
cooled the blood. 

The dissecting scalpel kills. How, then, can we learn about 
a living organ? How can we picture it in operation? 

Coming to the rescue is the integral. But is the abstract integral 
compatible with flickering life? Yes, it is. Gone are the times when 
physicists and mathematicians probed into nature as if the earth 
were devoid of life. Since long ago, they have been using the 
integral to unlock nature’s secret recesses. Efforts are underway not 
only to mathematize biology but to biologize mathematics as well. 

To find out about the effects of just one function, the scientist 
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must carry out numerous experiments. But quite frequently the 
biologist must know not only the mechanism of a process. He must 
establish the quantitative relationships which govern the interaction 
between single elements. 

Mathematicians advise biologists to use their method: to 
transform the relationships into formulae and calculate the process. 
The long series of numbers unavoidable during a quantitative 
analysis can be handled on a computer. 

Let’s consider neurophysiology. The activity of the brain is so 
far wrapped in mystery. To find out the function of a part of the 
brain, the neurophysiologist must either remove it from the lobe or 
urge it on in some way. In other words, he acts as the engineer 
who trouble-shoots an engine. 

When the engineer removes a spark plug, he knows that the 
engine’s immediate response will be missing, loss of power, abnormal 
noise .and vibration. The neurophysiologist, too, does not need to 
wait long for the response after he has removed a part of an 
animal’s brain. The disfunction will always be distinct and clear: 
impaired locomotion, memory defects, deteriorated sight and hearing. 

Any beginning takes a lot of doing. This is trye also with 
respect to any science, bionics included. But we aren’t green any 
longer. We neither confuse the function of the brain with that of 
the liver nor are enraptured with the movement of our fingers, 
elbow or shoulder. We are keen on the structure of muscles and 
that of nervous tissue, on the origin and mechanism of nervous 
impulses. 

Modern bionics is chiefly concerned with finding out the unit of 
the living. The studies of the nervous system, sense organs and 
bodily structure are all aimed at solving this problem. 

Have you ever watched the behaviour of an animal? But it 
hardly crossed your mind at the time that a relation, which is 
a matter of life or death for the animal, may exist between its 
behaviour and neurophysiology. An animal in immediate danger has 
no time for meditation or as we say today programming, being split 
seconds away from a fatal end. 

Behaviour is one type of nervous activity. Bionics is interested, 
therefore, in learning what happens in the nervous system in critical 
situations. Numerous nerve cells apparently take part in the process. 
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The cerebellum alone comprises one hundred billion neurons which 
coordinate the activity of the central nervous system. The way an 
individual nerve cell interacts with the nervous system as a whole is 
the greatest stumbling block to the research. 

The problem is attacked little by little. Early experiments were 
carried out on animals that had a limited number of nervous cells. 
The possible combinations of responses were limited in this case. 
Since it’s believed that various systems of the organism employ 
different mechanisms of identifying the incoming information, the 
studies must be confined not to the sensory organs only. Other 
biological systems must be explored on the molecular and cellular 
levels. 


In this country, a wide programme of research on bionics is 
underway. It is concerned with the model of the human visual 
system, the nervous mechanism of detection and ranging in bats, the 
system of signalling that exists in fish shoals, the reliability of the 
brain, the role of macromolecules in the mechanism of memory, the 
origin of squid’s hoisting mechanism, the shock-absorbing quality of 
limbs, the mechanism of sensing odours, the mechanism of wing 
flapping in birds. 
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Incidentally, the disclosure in due time of the secret of the 
so-called pterostigmas, which exist on the wings of the dragon fly, 
could have saved many human lives which were lost in long and 
futile efforts to solve the mystery of flatter in aircraft. This was not 
the only example! 

The locomotion system of the spider has been used as the 
prototype in designing an experimental vehicle called a Centipede. It 
can readily negotiate ravines and marshes. The kangaroo has 
suggested the design idea of a car that needs no roads at all, 
leaping over obstacles. 

Penguin snowmobiles, named so because they have a peculiar 
manner of running that resembles a penguin’s gate, successfully 
operate in the Arctic. 

A cross-country vehicle adapted to negotiate sand-hills in 
a desert is under construction. It has been modelled after the jerboa 
who can travel over loose sand as if it were an asphaltic road 
thanks.to its intricately designed feet. 

This all belongs to the classics of bionics. It is widely used by 
scientists and designers in research, which should come as no 
surprise. 

What will be bionics’ future after such an impressive beginning? 
Evidently, it will assist biology in taking the lead amongst the 
natural sciences. In such a case, bionics will oust physics from 
engineering. The list of disciplines whose name begin with the prefix 
“bio” is already quite a long one. Reports about research in 
biophysics, biochemistry, bioenergetics, bio-optics, bioacoustics, 
bioelectricity, biomagnetism, biothermodynamics, bioengineering, 
bioradiation and even bioastronomy appear in literature on an 
ever-increasing scale. Mentioned also are biokinetics, biostatics, 
biodynamics, biohydrodynamics, biomagnetohydrodynamics, 
biocrystallography and biomaterial science. The last discipline causes 
particular surprise. 

Bioenergetics, for example, seeks ways of generating power from 
biochemical fuel elements, that is, directly from living organisms. 
Possible sources of electricity are muscular activity, bodily warmth, 
the energy of blood circulation, and organic chemical reactions. The 
glow-worm is a self-contained plant in which complex chemical 
reactions are actually illuminated. The energy which is liberated in 
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a monkey’s body due to chemical reactions can cause a pacemaker 
to tick. Living fuel elements are used in sports and medicine, and 
the field of their application will undoubtedly expand. 

The idea of biologizing industry was conceived via bionics and 
it is going to have far-reaching consequences. What sense is there in 
letting nature’s machines and instruments stay idle if they can serve 
free of charge? The fact that the chemical composition of plants 
indicates what minerals occur in a given locality has been known 
for quite a long time. Honey is a kind of “sweet” map which shows 
the geologists what minerals may be found in the place where the 
bees collect nectar. Animals, plants, and even bacteria which inhabit 
the ocean and seas accumulate chemical elements in their bodies. 
Wouldn’t it be possible to use them as a source of certain valuable 
products needed by mankind? Living factories which turn out 
antibiotics, vitamins, amino acids, protein, and fats are already in 
operation. Research is underway to find biological means of 
protection against harmful radiation. It’s believed that living filters 
will be used to deactivate water-, air-, and soilborne radioactivity. 

An idea is in the air to set up a so-called bionics industry. It 
would be a selfreproducing and selfrestoring enterprise which utilizes 
the energy and raw materials it produces by itself. 

However, no matter how impressive bionics’ successes might be, 
it must be confessed that none of the discoveries made brings us to 
the brink commanding a skill to produce the nonliving that would 
rank with the living. In inanimate nature, an increase in complexity 
leads to a decrease in stability. In living nature, everything complex 
is stable. The stability of an organism is by far higher than that of 

its constituent parts taken separately. Therefore, the living is capable 
of surviving. 

Every time when we compare an instrument made by our 
hands and a living creature, we see what a far cry our creative 
endeavours are from nature’s masterpieces. This fact gave rise to the 

_ motto: “From living prototypes to living constituents”. There is 
hardly any sense in wracking one’s brain in order to bring the 
perfection of “derived nature” close to that of original nature, 
scientists say. It’s more practical to build a biological system into 
a machine or instrument than to try to materialize the principle 
upon which the system is based. 
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The point is to use living tissues and living organs as 
components of control equipment and computers. A cockroach’s eye 
spots directional infrared radiation. The problem is to incorporate 
its eye into the attitude control system of an earth satellite. 

The biology/technology relationship isn’t a one-way street. 
Technology can have an effect on biology, living beings can 
capitalize on formulae used in technology. 

This was pointed out by Academician Yoffe, a person of 
miraculous acumen. When asked whether living organisms are 
utilizing technological achievements as, for example, some properties 
of semiconductors, he replied that a close analogy may exist 
between the mechanism of a biological process and the operation of 
semiconductors. He proved this by referring to the kind of 
relationship which exists between a lifeless crystal and a living leaf 
in photosynthesis. 

There is little doubt that photosynthesis is brought about by 
photoelectric effect, which consists of the loss of an electron by an 
atom of chloroplast when exposed to light. The ionized molecule 
thus formed, the so-called free radical, brings about violent chemical 
reactions. The photoelectric effect links biology with semiconductors. 

Let’s return to the bionics’ emblem: the scalpel, the soldering 
iron, and the integral. They are the keystones of bionics’ edifice. 
They also symbolize engineering, mathematics, and biology, as it has 
been said before. 

But an unavoidable question is: who should take care of 
bionics—the engineer or the biologist? Evidently, no headway can be 
made in bionics without profound knowledge of mathematics and 
biology, without erudite expertise in various branches of engineering. 
For the all-around best results, the useful information should be 
confined—as bioengineers claim—to the same head rather than 
simply to the same room. A totally new way of thinking is required 
that would equally suit the interests of the engineer and those of 
the biologist. 
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It will be recalled how much mystery was associated with the 
fascinating bees and ants. What a veil of mysticism was drawn over 
every aspect of the noble and dutiful life lead by the zealous bee 
and the industrious ant along lines which were claimed to be 
prescribed by God himself. Time and again examples from the life 
of bees and ants were used to reproach and edify the man from the 
street, and a point was always made that these insects owe their 
model pattern of life to the Highest power. However, with time 
science has succeeded in solving nature’s mysteries one after another. 
Hardly anyone would now stand in front of a beehive or anthill in 
a state of respectful amazement. Instead, man probes into the 
beehive and anthill without much hesitation. He doesn’t panic when 
a puzzling and multifaceted entity unfolds before his eyes. Resolutely 
but with much care, deeply but gradually, he has begun to tackle 
the problem, what are bees and ants? 

Our contemporary who describes the life of bees and ants 
should be credited neither for merely acquainting us with these 
insects nor for even revealing their “intrinsic world” (they were 
thought of as possessing intellect) but for going down to the roots 
of the biology of the bee family and the ant community. This is the 
main aftermath of the profound study. 

What has prompted me to dwell on ants and bees is an entry 
that I found recently in my note-book: 

“I, Khalifman, the author of the book Bees, isn’t hesitant about 
portraying the future although this is a risky venture in biology. He 
is a dreamer. He discusses projects for breeding non-stinging bees, 
hairy giants which resemble bumble-bees, bees that would lend 
themselves to training, and bees capable of prospecting for minerals. 
But the author’s ingenuity doesn’t stop with these plans. He studies 
bees in an attempt to tackle the problem of control in living nature 
which opens up new vistas.” 

Many years passed before the concept of control in living 
nature turned from a matter for debate into a matter for 
experimenting and calculating. 

Bees and ants.... “The life of these creatures throbbing with 
vitality, of these ultimate organisms, is a two-part process. 
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Individuals grow, mature and reproduce. At the same time the 
community they live in also grows, matures and reproduces along 
natural lines, turning every individual who has reached maturity into 
a constituent element of a sophisticated but organized structure.” 
What is this structure like? What laws does it obey? These 
questions are reasonably raised in Bees. But the book gives only 
a partial answer. A full one can be found in the book entitled Ants 
written by the same author. 

Why do animals gather into herds and birds into flocks? What 


force urges birds to form huge seashore colonies? Who controls the 
air traffic along birds’ migration routes that stretch over thousands 
of kilometres? Shall we ever find out who is the underwater 
herdsman shepherding fish into shoals in rivers and seas, lakes and 
oceans ? 

Obviously, it will not be without the helping hand of 
cybernetics that man will learn more about the habits of living 
creatures and, above all, about the laws which govern their life in 
communities. Cybernetics may become a tool that will enable us to 
turn individuals into social creatures who live in communities. In 
other words, we shall gain an effective lever for the control over 
nature. 

The natural course of our investigation is from a study of the 
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laws governing life in a bee family, from the experience gained in 
controlling this family, to the cybernetic laws of control over nature, 
to the studies of the laws governing life in general. 

The fact that the life of bees is considered now from 
a cybernetic angle causes no wonder. But it’s really amazing how 
Khalifman managed to unveil some aspects of this life so many 
years ago. It was the period when cybernetics was just about to 
begin “prattling”, being known to-and recognized only by—a few 
people. In spite of a lack of cybernetic conceptions and cybernetic 
terminology, his book is imbued with cybernetic spirit. This becomes 
particularly vivid when Khalifman discusses control in living nature. 

Another book by the same author named The Password of 
Crossed Antennae appeared in this country in 1958, that is—it will 
be noted—two years before the first symposium on bionics was held 
in the USA. A chapter of the book is devoted to bionics, dealing 
with the above-mentioned pterostigma and flatter. 

Khalifman writes, however, in his foreword to The World of 
Insects by R. Showen: “The birthday of bionics, though no such 
term existed in those days, was October 7, 1952. On that day, 

A. Nesmeyanov, then the President of the USSR Academy of 
Sciences, set up a working group with the assignment to discuss 
ways of expanding biophysical, physiological and ecological studies 
of insects. A memorandum which emphasized the need for such 
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a group made it also clear that the studies should be aimed at 
making biological disciplines a source of “engineering concepts.” 

Compared with other living creatures, ants open up broad vistas 
for a cybernetic way of thinking. According to I. Mitchurin: “The 
ant is a well developed, clever and very cunning insect.” It’s not at 
all accidental that a chapter with the cybernetic title “Feedback” is 
included in Khalifman’s Ants. 

In his narrative about the performance of ants as pathfinders, 
their reaction to light and odour, their methods of consolidating the 
community, the author readily uses such terms as “information”, 
“signal”, “memory”. He writes, for example: “The main implements 
which ants use in the course of their mutual feeding reside in their 
tongues and craws. The social metabolism which consolidates 
a swarm of individuals into a single family is activated by virtue of 
these implements. We now have proof that touching with the 
antennae, chemical signs and the perception of aromatic landmarks 
are all very important means of promoting mutual solidarity. They 
also pool the actions of separate individuals so that a family may 
collect information and respond to it as an inseparable unit.” 

The book makes it clear that an ant family can process 
a complex gamut of signals, though the nervous nodes of ants are 
as small as a quarter of a pin head. This fact deserves particular 
attention in our day, when the modelling of the thought processes 
taking place in the brain is an issue of top-priority. 

Incidentally, some biologists fancy cybernetics’ potentialities with 
a bias. It is claimed in a book by an expert biologist, which 
appeared in Paris, that a functional model capable of simulating the 
actions of a tiny ant would exceed the Empire State building in 
size. This implies, that a computer which could reproduce the 
activities of an ant colony would then be as large as New York 
City. 

Fortunately, the headway which electronics has already made 
and, what is even more important, is going to make with the 
support of mathematics, promises a realistic and cost-saving trend of 
events. An electronic model of the neuron has been developed, 
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success has been scored in modelling some functions of the brain, 
and a model of the ant is a problem for the not so distant future. 

Researchers experiment with ants in order to find out whether 
their actions are mechanical when they are urged to cope with an 
assignment. The results are quite interesting. 

The story about the Formica ants, who neatly overlay their 
invariably domeshaped anthills with several layers of 
radially-arranged pine needles, when told by researchers to 
Academician V. Trapeznikov, startled the leading authority in 
automatic control. He said with a smile: “It looks as if these rascals 
had taught Alexei Kovshov and driver Mokhov (characters from 
Azhaev’s novel Far From Moscow—V.P.) to deliver pipes beginning 
with the farthest one from the depot instead of the nearest one. Any 
pipe that might be urgently dumped somewhere en route to the 
destination would then take the place of another pipe which had 
been planned for delivery some time later.” 

To find out how successful catering ants are in optimizing their 
routes, the routes can be coded and processed on a computer. This 
technique is used to optimize road transport programmes. Likewise, 
a great deal of other information transmitted in an ant family can 
be recorded and checked. 

That is a plan for the future. No biologist would miss the 
chance to experiment along these lines in light of the growing 
enthusiasm about cybernetics. 

It’s worth mentioning that the researchers who experiment with 
models find in the anthill a variety of natural cybernetic models 
which have emerged over the course of evolution of life. 

I must confess that I owe this chapter to the author, biologist 
and USSR State Prize winner I. Khalifman. He sends me his books 
with dedicatory inscriptions, and I can’t but make public a few 
excerpts from them. I take them as a sort of identification cards of 
the cybernetic concepts of a biologist about the life of social insects. 

“To contribute to the feedback which exists in the world of 
bumblebees...”. 

“With an unconcealed desire to convince everyone that the 
so-called family of the so-called social insects is in fact a living 
model of life, a meaningful cybernetic result of natural selection.” 

“I’m sending the last book of the series which was started 
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thirty years ago by Bees and which continued to prove by way of 
numerous examples that the living organic integral—a reality, 
a discrete union of multitudes—was not a figure of speech but a fact 
from nature’s history and a living model of life.” 

Isn’t this “living model of life” worth the careful attention of 
cyberneticians and biologists? 
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Peter Mituritch can be ranked among the artists whose works 
determine the contemporary standards of mastery. He was one of 
the leading authorities in Soviet black-and-white art. 

Entries in reference books, encyclopedias and the painter's 
calendar refer to P. Mituritch as a prominent artist. But they keep 
silent about his activity which represented the second ego of his 
creative individuality. 

The artist P. Mituritch was an inventor of a unique type. He 
belonged to the pioneers who thoughtfully scrutinized nature with 
a resolute intention to use in technology some of the principles of 
life which seemed to be incompatible with technology. He did not 
only experiment, but strived to comprehend and disclose intricate 
relationships. 

On the face of it, a book on power engineering seems to be 
a more appropriate place for the story about Mituritch’s inventions 
than Cybernetic Medley. But the foresightedness of the artist—not 
that of the engineer but of the artist-who had seen the prospect of 
solving technical problems along the guidelines of bionics deeply 
impressed me. 

Mituritch invented a propulsor for ships and planning boats of 
a type never heard of before. A ship's model of his design behaves 
like a living creature when you take it in your hands, being live 
and resilient. Released in a pool, it acts really like a fish, swimming 
in a wriggling style like an eel. 

Starting to invent in 1921, Mituritch filed twelve applications. 
Nine of them rewarded him with inventor’s certificates. 

He conceived a totally new oscillating propulsor which had 
nothing in common with the propeller. His watercraft were of 
unique design and performance; their hulls had a “living” 
framework. The novelty of his conception was unbelievable and 
often shocking. 

Experts said to the inventor: “We, ship architects, seek ways of 
coping with flexibility in our ships and you use flexibility as the 
motive power. It’s enterprising, fantastic, but of no current interest 
and on the brink of craziness.” 

This was of course both enterprising and fantastic, but also 
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customary as far as the inventor Mituritch was concerned. He was 
a creative soul and couldn’t stay away after spying the undulating 
principle of motion in nature; he pondered over the idea day and 
night. Finally, he embodied this principle in “a distributing 
contrivance for admitting air into, and releasing it from, the bottles 
of an airship’s envelope in turns so as to set up an undulating, 
oscillating motion owing to which the airship travels though the 
air.” This earned Mituritch an inventor’s certificate. 

But recognition did not come immediately. An original 
application filed in 1921, which disclosed an oscillating flying 
apparatus, was rejected. Incidentally, this was done by Yuryev, 

a Fellow of the USSR Academy of Sciences who was to become an 
authority in aerodynamics. The rebuke neither upset Mituritch nor 
comforted him. After thirty years of tireless work, he produced 
another model. An unassisted take-off run brought the 70-gram craft 
into the air in 1951. It then made a low-level flight, being powered 
by a 53-gram engine. The lifting surface of the model was 6.6 
square decimetres. 

Wasn’t it a marvel that this man—“an artist who set up the 
contemporary standards of mastership”, “an authority in Soviet 
black-and-white art,” in other words, a person who worked hard 
and successfully in the fine arts—could spare time for inventing? 

He hadn’t only empirically developed the new principle of 
undulating motion but was at pains to use it in practice. When 
experiments proved the idea to be sound, he approached the 
Ministry of Railways with the paper “On the Advantages of 
Undulating Track”. No railway track is in fact rectilinear, it always 
undulates in the vertical and horizontal planes. 
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I saw those experiments. They were conducted on an apparatus 
built by the late inventor. I also looked through numerous negative 
answers he had received. None of them explained, however, the 
reason for renouncing the phenomenon discovered by Mituritch. The 
answers were worded quite simply as, for example: “Refraining from 
a discussion of the theoretical basis of your work..., for this is 
outside the compass of responsibility of this industrial ministry, we 
confirm that your proposal is unacceptable.” 

There were also other letters. One of them read: “Dear 
colleague, may I kindly request your opinion about the studies 
conducted by Comrade Mituritch? I feel, there must be ‘something’ 
of interest.” 

Academician G. Krzhyzhanovsky wrote this in 1933 on 
becoming interested in Mituritch’s ideas. He had all the reasons for 
it. 

The headway bionics has made in recent times suggests 
numerous ways for man to imitate nature. They are all beneficial 
for him. News flashed in the press that an “oscillating” submarine 
was under construction in the USA, and that experiments with an 
airship which wiggle-waggled in flight were underway. According to 
another press report which appeared recently, a fish-shaped 
submarine was patented in Great Britain and a noiseless engine 
imitating the snake’s motion was under development. All these 
innovations are based on the principle of undulating motion 
patented by Mituritch over sixty years ago. It would be fair to 
name the principle after its inventor. 

The bitter words of P. Mituritch involuntarily come to mind: 
“It recurs in history that every radically new idea confronts 
difficulties while gaining ground. Parallels in this respect are boring.” 

Parallels are really boring and I'll omit them. But I couldn’t 
refrain from telling the story which I heard from Mai Mituritch, the 
inventor’s son and a friend of mine, at his art studio. 
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The author Oleg Pisarzhevsky used to put down everything 
fascinating and unbelievable into a note-book he always carried with 
him. One day we were heatedly discussing jazz (he was a great 
expert in, and an ardent supporter of, syncopated music). All of 

a sudden, he took his note-book and read to me: 

“International congress of botanists. The Indians Singh and 
Paniah whose paper was met with mixed feelings of surprise and 
enthusiasm. They treated a water plant of the Elodea genus to 
a twenty-five-minute concert every morning and observed the effect 
of music on the protoplasm of leaves under the microscope. It 
turned out that the biological cycle of plant growth responded to 
the music. Similar experiments were conducted with mimosa. It 
appeared that sound had speeded up the growth of mimosa by 50%. 

“Music and plant growth. Science can truly teach you to 
wonder.” 

That is absolutely correct. 

It’s known that the noise of a jet engine speeds up the 
germination of sugar beet seeds. 

And do you know that the blood serum of patients suffering 
from catatonic schizophrenia and have prolonged periods of 
constraint, inhibits growth in animals and even bacteria? But this is 
only part of the story. The plants which have been injected with the 
serum cease to follow the sun. 

Soviet scientists conducted similar experiments as well. They 
connected tiny electrodes to the current-conducting fascicles in the 
stem of a pumpkin and irritated the plant’s root by slightly incising 
it. In a few seconds, a spike on the oscilloscope betrayed an electric 
pulse at a distance between thirty and forty centimetres from the 
point of irritation. 

The only interpretation of the phenomenon was that an electric 
pulse dashed up the stem. That meant that plants and not just 
animals responded to outside irritation. 

Moreover, the circadian cycle in plants is similar to that in 
animals and people. Plants also get tired and need a good night’s 
rest. 

It has been postulated that plants can share feelings in the 
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same way as people. In a house which is dull, sorrowful and 
quarrelsome flowers fade more quickly than elsewhere. 

More surprising is the postulate (based on experiments) that 
rudimentary “memory” exists in plants, and that the signals they 
receive are transmitted over special channels to certain centres for 
processing. Responses are also shaped in the centres. These can be 
located in the neck of the root which functions as a kind of plant’s 
heart, contracting, getting excited and becoming inhibited. The root 
responds to fifty different mechanical, chemical and biological 
stimuli, optimizing the programme of plant growth in each 
particular case. 

Plants feel the changes in humidity more accurately than 
electronic instruments do. They exceed manyfold the human eye’s 
susceptibility to light. 

Some researchers claim that plants record the distress signals 
which directly endanger their neighbours. 

There is already no doubt that damaged or ill trees emit more 
infrared radiation than do healthy ones. It looks as if sick trees could 
get a fever. 

If plants really do have an analog of the nervous system, 
further studies may obviously bring us closer to the solution of 
a tempting problem—the control of plant growth. 
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This was a thing A. Yoffe, a prominent physicist and Director 
of the world’s first Institute of Agrophysics, was dreaming about 
some time ago. He was dead certain that man would get to the 
heart of the processes in the living and would be able to control 
the plant’s response to the environment with the aid of exact 
methods of physics, chemistry and mathematics. 

The traditional flasks, mortars, filters and test tubes that 
surround a plant in the laboratory have been ousted by tiny 
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transducers. They connect the plant to an automatic recorder which 
puts down a vast amount of detailed information day and night. It 
can provide the researcher with an account about the progress of 
plant growth at any time he wishes. 

So far, only simple plants lend themselves to control as, for 
example, chlorella—a unicellular algae which grows by cell division. 
At the Krasnoyarsk Institute of Physics, you can see a vessel with 
chlorella illuminated by a beam of light. On passing through the 
water in the vessel, the scattered beam is received by a photocell. 
The degree of light scattering indicates the concentration of chlorella 
cells in the water. The brightness of the light and the amount of 
mineral nutrients added to the water are gradually increased by 
a special device until the rate of algae growth is maximum. The 
optimum conditions of growth are stored in the memory of an 
automatic controller which maintains the process as prescribed by 
this data. 
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The programme of experiments progressively increases in 
difficulty. This creates the prospect of controlling the growth of 
higher plants as well. 

Fifty parental lines of corn can give 1225 single hybrides and 
690 900 double hybrides. Which of the crossings will provide the 
all-around results? About forty to fifty high-yield varieties with 
a high fat and protein content and a good immunity to pests can 
be singled out on a computer which has been informed of parental 
characteristics. The varieties thus selected are tested in the field. 

Human life is short, but to grow new progenies of plants is 
a long and intricate process. The job of a selector can be likened to 
art and selection itself, to sculpturing. The selector and the sculptor, 
they both create new forms. But the selector must find his 
“masterpiece” among millions of plants. The empirical method he 
used in his quest in old times can be resorted to also in our day. 
Its main tools are patience, piety, a trained memory and an 
inexplicable intuition to tell the right one from the wrong. 

Is there reason to use mathematics in this case? Couldn’t we 
try to find out and calculate the factors which influence yields and 
are used as criterions of selection? Yes, mathematics could be used 
to a great advantage. The coefficients which determine the 
relationships between yield and its elements can be calculated. 

In old Russia, a scholar devoted to agriculture was called 
a “learned agronomist”. A new term “agricultural engineer” has been 
coined recently. We have also witnessed the birth of an unfamiliar 
combination of words “agricultural cybernetician”. 

What would be the scope of responsibility of the people 
belonging to such an unusual profession? 

The cropgrower of the past had no measuring instruments 
except his hands. These “transducers”—backed up by experience, 
tradition and peasant’s intuition—reliably served his needs for ages. 
He touched the soil with his hands to ascertain whether it was 
warm enough. He rubbed the soil between his fingers to find out 
whether it was ready to receive seeds. Now it looks as if the living 
transducers will be ousted by electronics. Sensitive instruments will 
appear in the field to keep the agronomist informed about the 
condition of every plot. 

Remotely-controlled field-crop growing is likely to become 
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a practical possibility. It would have, however, nothing in common 
with pushbutton crop cultivation. The new system would be quite 
different in its essence. The computer fed with agricultural 
information directly from the field via the electronic sensors, would 
systematize it, compare it with the programme, and print out 
recommendations. It would become the agronomist’s boundless 
electronic memory, his reliable adviser. Man would make 
well-founded and cross-checked decisions. 

Traditionally, we use the word “agriculture”. Meanwhile, it has 
started to change in its essence from what it meant a long time 
ago, turning into an agroindustrial complex. As any other industry, 
it can’t exist without an extensive computer foundation in every 
sphere from management to process control. 

You can see now what sort of reflections were induced by the 
note-book entry about the effect of music on plant growth. 
Incidentally, plants are said to dislike jazz because it retards their 
growth. Plants are fond of classical music which speeds up their 
development. 
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A small yellow paperback bore the large inscription PC, against the 
background of a red rectangle in the top right-hand corner. It was 
No. 52 collective volume of the Problems of Cybernetics series issued 
by the Scientific Council on Cybernetics, Presidium of the USSR 
Academy of Sciences. The title-page inscription was Control and 
Optimization in Economic Systems. 

The book appeared to be interesting to me, at least its first 
part which contained five articles on the problem of crop yield 
optimization. 

However, a few pages later I became disappointed: theorem 
after theorem, one proof after another, equations and definitions, 
functions and algorithms. A specialist would find it interesting, But 
what sense could an excerpt worded as follows have for a layman 
not versed in mathematics: “According to the Perron-Frobius 
theorem, there is a non-negative latent root A,,,, of the matrix A> 
>0 which...” and so on, and so forth. After some meditation, 

I asked Professor Yuriy Svirezhev, D. Sc (Phys & Math), the 
editor-in-chief of the series, to answer some questions about the 
“invasion” of mathematics into agriculture. Our discussion focused 
on the following points. 

THIS AUTHOR, It seems that the concept of crop and that of 
agriculture have radically changed owing to an out-of-the ordinary 
assistance which mathematics gives in solving the unfamiliar 
problems of crop raising. 

EDITOR, That’s correct. This multifold problem is influenced by 
economy, farming practice, principles of management, and 
psychology. For some people, the raising of crop is absolutely 
incompatible with mathematics and computers. But let’s leave this 
aside and concentrate on the things I’m familiar with. 

The advent of crop programming turned agriculture into 
a branch of engineering. This means that agricultural problems are 
formulated now in terms of mathematics and process control. 

A question which naturally arises is why did agriculture keep aside, 
at least until quite recently, from the general trend towards progress 
in science and engineering? The answer is a twofold one. On the 

one hand, agriculture, unlike engineering, is a sophisticate biological 
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system; its function reluctantly lends itself to description in terms of 
mathematics. On the other hand, agriculture is an ancient 
conservative art with old-time traditions. It practises well-established 
procedures based on the “let well enough alone” principle. This 
works, however, as far as production is maintained at some stable 
level, but is totally unsuitable if the task is to boost productivity. 
Something of the kind took place in agriculture in the middle 
of the last century when fertilizers started to gain ground. It was 
just then that the German scientist J. Liebich came up with his 
limiting factor principle—a typically cybernetic conception. It was 
probably he who pioneered the engineering approach to the 
problems of increasing agricultural production. 
THIS AUTHOR. What do you mean by referring to agriculture as an 
engineering problem? 
EDITOR, Let’s deliberately reduce agriculture to plant growth. In this 
case, it will be, as far as an engineer is concerned, a process of 
raising a given crop with a certain efficiency from assorted inorganic 
starting materials in the presence of solar energy. Four principles 
should be taken into account in tackling this engineering problem. 
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They are: the equivalence of the factors controlling plant growth, 
which means that none of the factors is replaceable; the limiting 
factor principle according to which the factor which hits a minimum 
has a decisive effect on crop yield; the optimum principle, which 
postulates that an optimum moisture/nutrient relationship ensures 
the best plant growth; and the recycle principle according to which 
the nutrients utilized during plant growth should be returned into 
the soil eventually. 

Crop growth relies mainly on photosynthesis. Solar energy and 
the carbon dioxide in the atmosphere provide almost 9/10 of the 
raw materials which a crop needs to grow. Man adds inorganic 
compounds. The power to control the output is acquired through 
controlling the inorganic input. Maximum productivity under given 
conditions is achieved by optimizing control. That’s what is meant 
by crop programming. 

THIS AUTHOR, As far as I can see it, the concept of programming 

a crop is based on scientifically validated control. But the system 
under the control, that is the plant, is a highly susceptible one, 
subjected to changes. Its parameters and performance can alter more 
than once within a day. How can this be taken into account? 
EDITOR. It goes without saying that no control can be effected unless 
a model of the system under that control is available. Crop raising 
is no exception. We have models not only of individual green plants 
but those of entire plant populations. Consider one which may be 
of interest to us. 

Let there be a hypothetical plant whose growth can be 
described as the dynamics of the material of leaves, stalks and roots. 
Extrinsic and intrinsic variables influence the growth. The former are 
the photosynthesis-inducing direct solar radiation and the radiation 
reflected by the soil, ambient temperature, the moisture and carbon 
dioxide content of the atmosphere, the concentration of fertilizers in 
the soil. The latter are the material of leaves, stalks and roots and 
the concentration of nitrogen, phosphorus, calcium and sodium in 
the system. 

A new organic compound builds up in the green cells of the 
plant due to the photosynthesis-inducing radiation at a given 
temperature in the presence of carbon dioxide, water and the 
nutrients supplied by the soil. Spreading then through all parts of 
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the plant, this compound decomposes due to breathing and supplies 
the energy which supports the plant’s life. The rate of the process 
varies with the material and configuration of the plant and the 
effect of extrinsic variables. 

Apart from that, mechanisms of self-regulation exist in every 
plant. Not all of them are known yet and can’t therefore be 
accounted for by models. This applies to some extreme principles as, 
for example, those of adaptation. To bridge the gap, the recourse is 
either. to empirical relations or to biological deliberations of 
a general character. It can be said, that the intrinsic variables are 
represented in models not fully, but the extrinsic ones are given an 
exhaustive consideration. 

THIS AUTHOR, It stands to reason that the models of crop control 
you have mentioned fail to represent all the factors which affect 
crop yield. What are the advantages of models as contrasted with 
the method of planned experiments which is used to find out an 
optimum set of conditions for raising crop? 

EDITOR, Firstly, these experiments are costly. Numerous test plots are 
required, and much time elapses before the so-called response, that 
is before any result, is obtained. Secondly, no control of the 
environment is possible during planned experiments. The situation is 
incomparable with the conditions that exist during the optimization 
of, for example, a petrochemical process; the response is a matter of 
few seconds and the process takes place in a controlled 
environment. Therefore, process-simulating models must be given 
preference in agricultural practice. 

Practical results corroborate this viewpoint. In the Netherlands, 
models of raising wheat and corn were developed. They have been 
tested and are used now in the field. In this country, the problem 
of crop programming is given top-priority. 
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However, it is practical to manage agriculture as an industry, to 
treat the plant as a kind of machine and tackle the problem of 
crop control along engineering lines at a certain stage only when it's 
necessary to accelerate the growth of plants and boost agricultural 
production. 

THIS AUTHOR. You’ve just pointed out that the engineering approach 
to crop control is practical at some stage only. What do you mean 
by this? 

EDITOR, That you have to pay for it. 

THIS AUTHOR, And what is the price of an engineering approach? 
EDITOR, Consider an example. The cost of agricultural production 
can be estimated more or less accurately by adding up the 
requirements in energy and those in mineral nutrients, expressed in 
the same units of energy, for growing a ton of wheat. During the 
last century, this cost has skyrocketed fiftyfold. A comparison of the 
two regions at different poles, the USA with their highly mechanized 
agriculture and South-east Asia with its traditionally rural economy, 
shows that the total energy requirements in the USA are 250 times 
higher than in South-east Asia. 

That’s how things stand nowadays. A wide-spread application of 
crop programming will bring about a further rise in cost. You will 
be charged not only for the control proper which is aimed at 
maintaining the system at a calculated optimum level, but also for 
the information about the state of the system because no control 
can be exercised without such information. Here we face the 
fundamental contradiction between maximum productivity and 
maximum stability, i.e. the human demand to be met by agriculture, 
and nature’s demand to be met by any biological community, 
respectively. 

THIS AUTHOR, Does this mean that the engineering approach to 
agriculture calls for taking into account certain ecological 
considerations? 

EDITOR, That’s a hard and fast requirement. In ecology, the stability 
of a biological community is measured in terms of its diversity. In 
other words, the amount of information confined to a community is 
the measure of its stability. The more diversified is the community, 
the greater is the number of the species with different characteristics 
which comprise it, the less is the effect of environmental changes on 
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the community. For a maximum productivity, the individual 
characteristics of community members must be reduced to an 
optimum common level. This can’t but impair the diversity. It 
stands to reason that for all-around optimization the recourse is to 
monoculture. But monoculture is deprived of diversity and, as 

a result, its stability is nil. This implies that monoculture is 
unstable. To render it stable, an outside control is required but its 
cost is high. 

The natural evolution of biological communities increases their 
diversity. Is the diversity “charged” for stability? Yes, it is. The 
charge is the dissipation of energy which increases in this case. 

A harvest which involves a loss of material by the community 
reduces the dissipation of energy and, as a consequence, reduces 
stability. We come now to a paradoxical conclusion: to retain the 
stability of a plant community at a maximum, we must give up 
harvesting. A high-yield community is totally unstable. In light of 
this fact, the practice of raising high-yield crops is nothing else than 
the stabilization of an unstable population of monoculture. 

THIS AUTHOR. Is there any prudent compromise between the two 
polar situations? Suppose agriculture were to rely not on 
monoculture but on a specially selected community of plants, close 
to a natural one, whose stability would be controlled in terms of 
ecology rather than by the changes in the amount of dissipated 
energy. 

EDITOR. This is a sound proposition. The problem we apparently 
face now is to provide agricultural structures which are optimal 
from the point of view of ecology. Consider another model by way 
of illustration. 

As a matter of fact, a multilevel “superstructure”—pests feeding 
on crops and vermins or predators praying on pests—superposes any 
crop. 

On the one hand, the yield of an agricultural system depends 
on the amount of fertilizers used: an ever-increasing fertilization 
brings about an increase in plant material at some instant and the 
yield consequently increases as well. On the other hand, this process 
is of limited duration. At some point—call it threshold, borderline or 
as you like—a further increase in the amount of fertilizers applied 
brings about not an increase in yields but the spawning of pests. 
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Incidentally, it has been estimated that pests destroy about 1/3 of 
the crops in the USA. The annual cost of pest control programmes 
amounts to $2 billion. These are direct expenditures only. And how 
much damage does pest control cause to the environment? 

After a certain period, which can be calculated with the aid of 
the model, predators appear on the scene. They destroy pests, and 
yields rise again. 

The plant/pest/predator chain illustrates the fact that the 
relationship between the amount of fertilizers applied and the 
harvest is far from being a single-valued one, as this may appear at 
first sight. It may be said that nature and man pursue different 
objects. The crop’s “superstructure” should never be neglected when 
steps are taken to increase yields by applying more fertilizers. 
Insecticides should be used to increase the death rate of insects at the 
lower level of the superstructure. The alternative is the so-called 
biological pest control which consists in fostering the population of 
predators. 

Obviously, the extra measures of control call for extra energy 
and extra resources. They will be utilized to set up a new plant 
community with a stable structure. 

THIS AUTHOR. Summing up, we can see that mathematical models are 
effective helpmates in solving the problem of crop programming. 
Will computer technology and other means of control find direct 
application in “servicing” pre-estimated crops? 

EDITOR. Mathematical modelling presumes the use of computers. This 
is so to say the precrop application of the computer. Will the 
computer be of any assistance to crop growing? That’s beyond any 
doubt. The raising of crops must be monitored at all stages. An 
ideal plan is to provide special field apparatus for gathering 
information about the plant and its environment which will then be 
processed by the computer installation at the agricultural centre. The 
recommendations printed out by the computer should be accurately 
carried out in the field. This will be an embodiment of the 
cybernetic feedback principle in agriculture. 
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INTRODUCTION. The science-fiction writer Sever Gansovsky 
frequented my place after telepathy sessions held by the 
bioinformation section of the Popov Scientific Society for Radio 
Engineering and Telecommunication. He was so fascinated and 
excited in his accounts in which he convincingly proved the 
existence of telepathy, that I was on the brink of believing him, 
however... The notorious however! As the French say it, this word 
can force even Paris into a bottle. 

FIRST EPISODE, That was how in fact my acquaintance with telepathy 
began. One day, it was exactly December 16, 1959, I got a letter 
mailed by a student council under the Bureau of the Young 
Communist League, inviting me to attend a lecture “Biological 
Radiocommunication” by B. Kazhinsky, M Sc (Phys & Math). 

I didn’t go to the lecture. Kazhinsky’s conceptions about 
biological radiocommunication were well known to me from the 
manuscript which the author had brought to Molodaya Gvardiya 
Publishers where I was working at the time. 

The stories about telepathic contacts disclosed in the manuscript 
could hardly leave anyone unmoved, it must be confessed. 

In late August of 1919, Kazhinsky returned home tired and 
upset. He visited a friend of his, a nineteen-year-old youth seriously 
ill with typhoid fever. After tea, he turned in. A clinking sound next 
to his ear awakened him all of a sudden in the dead of night. It 
sounded as if a silver spoon had been struck against the edge of 
a thin drinking glass. Assuming that the cat had come up to the 
table, Kazhinsky lit the bedside lamp. Neither the glass nor the cat 
were there. The clock showed that it was two in the morning. The 
next day, the youth’s mother informed him that her son had passed 
away exactly at that time. She had been just giving him some 
medicine which she had taken from a glass with a silver spoon. 

Kazhinsky witnessed the unique experiment of the famous 
animal trainer V. Durov with his dog Mars. A record dated 
November 17, 1922, disclosed some details. 

“The experiment is undertaken on V. Durov’s initiative. He is 
instructed by Professor G. Kozhevnikov to persuade the dog to fetch 
the telephone directory from the table in the lobby. Durov takes the 
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.dog’s head into his hands and looks fixedly into its eyes for 
half-a-minute. On being set free, Mars comes into the centre of the 
sitting room. Durov orders the dog back into the chair and repeats 
the fixation for another half-a-minute. Now, Mars heads for the 
door and tries to close it. A third fixation follows... Mars rushes 
into the lobby and rises on his hind legs in front of the chest. 
Finding nothing there, it goes over to the pier-glass table and 
inspects it in the same way. Finally, Mars comes up to the 
telephone table, rises on his hind legs, takes the telephone directory 
into his teeth and returns to the sitting room. During the 
experiment, no person left the sitting room and the dog was alone 
in the lobby. Professor Kozhevnikov watched the dog through the 
door which stood ajar, and Durov was out of dog’s sight.” 

A radio engineer by profession, Kazhinsky contemplated such 
cases of telepathic contacts as biological radio communication 
between a “transmitter” and a “receiver”. He wasn’t in the least 
doubtful that “man’s inherent ability to perceive the thoughts which 
are transmitted over a distance through a physical medium is 
a function of his brain that is brought about by the elements of his 
nervous system capable of emitting and receiving bioelectromagnetic 
waves. These are induced by the oscillating electric currents set up 
at the brain end of the analyzer, which is an active part of the 
oscillatory circuit formed by our nervous system.” 

He was sure that ultrashort waves were the data carrier. 
However.... 

SECOND EPISODE. The two different examples mentioned above are 
typical in telepathy. The one which refers to Kazhinsky and his 
friend’s death comes under the heading of spontaneous suggestion or 
autosuggestion. Durov’s experiment is an example of so-called 
transmission of action. 

There is a third type of “radio communication by way of 
thought” which is termed the transmission of image. It’s exemplified 
in the book Intellectual Radio by the American writer Upton 
Sinclair. He describes the experiments with the transmission of 
thoughts between him and his wife Mary and between Mary and 
her brother-in-law Robert Irwin. They broadcast, however, not 
thoughts but images, simple pictures. Sometimes, their experiments 
were a SUCCESS. 
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A description of similar examples can be found in the book 
Mysterious Phenomena of Human Mentality by Professor L. Vasilyev. 
On studying it, I have come to the conclusion that “biological 
radiocommunication” is an issue not as simple and obvious as 
interpreted by Kazhinsky. 

Let’s assume for the time being that telepathy really exists. The 
question then arises: what is the data carrier in this case? 

Professor Vasilyev writes: “Two points of view exist concerning 
the nature of the electromagnetic energy which a functioning brain 
generates and emits into the surrounding medium where it 
penetrates another brain, inducing certain nervous and mental 


processes. According to Lazarev (an Academician and the author of 
the book Physical and Chemical Fundamentals of Higher Nervous 
Activity—V.P.), low-frequency, very long waves are involved; 
Castamalli (an Italian professor of neurology—V.P.) claims that this 
energy is carried by super-high-frequency waves of very short 
length.” 

Alas! There are only viewpoints which contradict each other. 
Moreover, the electromagnetic theory offers no explanation at all. 
A metal screen impervious to radio waves placed between two 
telepathists during a session does not impair the transference of 
thoughts they have established. Therefore, the hypothesis that the 
suggestion over a distance is a phenomenon of an electromagnetic 
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nature holds no water, says Professor Vasilyev. This doesn’t exclude, 
however, the possibility that an acting human brain sets up a kind 
of material field or generates some energy by virtue of which 
suggestion over a distance can take place. 

But who knows what kind of field or energy it is? 

THIRD EPISODE, Scientists and journalists meet to discuss telepathy. 
The house is full, the audience is split into two opposing groups: 
enthusiasts and sceptics. To remain an unbiased observer during 

a- telepathic session is really a trying experience. Tense faces, nods of 
vexation, hand waving, but no signs of indifference. Stars never met 
with elsewhere are shining, fans are boiling over with emotion. 

A physicist told me there that any scientist of average ability 
can name a dozen plausible hypotheses explaining the mechanism of 
person-to-person mental transmission. However, none of them is of 
current value. No clear-cut concept can exist unless the fact of 
mental transmission is validated scientifically. 

Publications discussing mental transmission are legion. 

A bibliographic index on telepathy by G. Zorab which was 
published in New York in 1957 listed about one thousand entries. 
Each of the sources mentioned there gives account of at least one 
example. But telepathy’s opponents reject them as scientifically 
validated occurrences which are free from subjective interpretation. 

For an accurate record of hits and misses, it seems practical to 
alternate experiments with test entries from the tables of random 
numbers which exclude the possibility of a correlation between the 
information transmitted and that received. A computer can be 
employed for data processing. 

Some cyberneticians think of the transference of thoughts as of 
“a communication channel with a lot of noise”, which may give rise 
to errors in transmission. Therefore, it’s reasonable to intensify the 
experiments and expertly check their results by statistical methods. 

Telepathy can possibly be studied with the aid of exact methods 
used in neurophysiology. Gray Walter, a physiologist and an author 
of books on cybernetics, came up with this idea at a congress of 
parapsychologists held in the USA in 1965. He presented a paper 
which disclosed the effect of hypnotic suggestion on 
electroencephalograms. The same technique could be applied in the 
studies of mental suggestion. 
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This was, however, just a conjecture. 
FOURTH EPISODE, Once, I described the telepathic session I had 
attended to L. Gumilevsky, a veteran sci-fi writer from this country. 
I knew that he was responsive to all mysteries of the mind and that 
a section in his book about Butler was devoted to the great 
chemist’s fancy for spiritualism. A man of caution, Gumilevsky 
would get to the roots of anything he took interest in and would 
always provide an explanation of his own. 

“I'll send you some stuff to read,” said the author. 

Some time later, I got a parcel which contained a chapter from 
his unpublished book Fate and Life. 

Disclosed there were examples of telepathic communication : 
which the author had either witnessed or had himself been a party | 


to. They provided him a basis for an empirical conclusion that 
success in the transmission of biological information depended on 
two things: the person who transmitted it should be in a state of 
intense nervous and mental activity and the receiver of the 
information should be absolutely passive, both mentally and nervously. 
Failures to meet these requirements were the reasons why numerous 
attempts to prove telepathic communication experimentally failed. 
Gumilevsky pointed out that the experiments were commonly 
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conducted in a well-lit hall. The person who transmitted mental 
orders, the recipient of the orders and the referees were all sitting 
on the stage in sight of a large audience. Though the recipient was 
supposed to be passive, he never was SO. Moreover, he was agitated. 
On the other hand, the person who transmitted orders was reserved 
instead of being agitated. Now and then, referees and spectators 
would whisper to him that he should neither hinder nor assist the 
recipient in his efforts. 

In Gumilevsky’s opinion, one more requirement should be 
observed for success: the two parties of an experiment should be 
strangers who had never met before. 

As did other supporters of telepathy, Gumilevsky reserved, 
however, his right to provide additional explanations of any failure 
which could possibly occur in spite of all the prerequisites being 
fulfilled. 

He told me that the sad confession of the great I. Pavlov in his 
last but one lecture on the activities of cerebral hemispheres should 
always be kept in mind: “There is hardly a phenomenon about 
which you can be sure that every aspect of its existence is under 
control. Any slight change in the environment or in the intrinsic 
world which is often hardly tangible or totally unexpected may 
radically alter the course of events.” 

FIFTH EPISODE, A delegation of scientific journalists from Great 
Britain came to Moscow in 1967. Our discussions of science were of 
a broad nature, and telepathy was among the subjects. Therefore, an 
article in an August issue of Science Journal which I received from 
London with a letter signed by the editor-in-chief, Mr Robin Clark, 
attracted my attention. It reported about the so-called Petty World 
Problem telepathic sessions sponsored by Hardward University under 
the directorship of Stanley Milgram. 

The telepathic link was set up between one hundred and sixty 
inductors in Nebraska and a perceiver in Boston. The inductors 
were selected at random and none of them had met the perceiver 
before. They only knew his name and his short biography. 

In Nebraska, the information was transmitted between 
acquaintances strictly in turn; every person was allowed to transfer 
his thoughts to only one partner. The telepathic dialogues thus 
established between Nebraskans were “intercepted” by the perceiver 
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in Boston. He succeeded in his endeavours sometimes every second 
session, and sometimes ten transmissions were required. It was 
therefore claimed that the average ratio of successful transmission 
was one in five. 

Unfortunately, the report provided no proofs and you had to 
take it for granted. That’s why it’s again appropriate to say: 
however... 

SIXTH EPISODE. In the summer of 1960, Wiener gave a lecture on 
brain waves and self-regulating systems at the Polytechnic Museum 
in Moscow. He said among other things, that the electric 
oscillations with a frequency of around ten hertz have a maximum 
energy compared with all the other oscillations occurring in the 
human brain. The pattern of the maximum-energy signals consists of 
sharp peaks alternating with valleys. The peak frequency is termed 
alpha-rythm. 

When asked whether the thought process is accompanied by 
a detectable electromagnetic emission, the scientist said that an 
antenna of a human body’s size could radiate radio waves with 
a frequency of the order of one million hertz. But the nature of 
those signals would be quite different from that of the alpha-rythm 
signals which require an antenna as large as the Soviet Union. 

This answer urged me to ask Wiener about telepathy when we 
discussed various things after the lecture. I got, however, no answer. 
The answer came four years later. I discovered it in one of 
latest Wiener’s works devoted to dynamic systems in physics and 

biology. 

With a growing understanding of memory and its mechanism, 
psychology—hitherto mainly a phenomenological science -establishes 
closer links with neurophysiology. Many other problems that have 
come up in connection with somewhat scandalous prerequisites, such 
as direct communication between nervous systems at a distance, are 
becoming the object of actual scientific studies. These explorations 
shouldn’t be spoiled by non-scientific presumptions that the 
phenomena which are being investigated lack physical correlatives. It 
may be expected with a certain degree of confidence that 
correlatives will be discovered if they exist in reality as this may be 
anticipated. Otherwise, they must be excluded from any further 
considerations. 
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SEVENTH EPISODE, Some time after ’'d published my impressions 
about Wiener’s lecture in a monthly magazine, an article 
unequivocally sub-titled “No Telepathic Effect Discovered. 
Moscow-Kertch Check Experiment” appeared in Literaturnaya 
Gazeta. 

The strictly scientific titles of sections “Object of Experiment”, 
“Programme and Methodology”, “Procedure”, “Results” proved that 
the experiment had been a scientific venture carried out with great 
care. Refraining from discussing the lengthy article, I'll just mention 
that the expert opinion of a learned committee was that no 
telepathic communication had existed in that case. 

Leading Soviet scientists commented about the experiment at 
Literaturnaya Gazeta’s request after studying the relevant documents 
which had been provided by the editorial staff. The tenor of 
comments was as follows: 

Academician A. Kolmogorov: “The issue dates back for ages. 
The efforts to find out something tangible about telepathy in the 
flood of doubtful and fantastic reports, which were made here and 
there, were quite natural. They shouldn’t be banned”. 

Academician E. Kreps and E. Asratyan, Associate Fellow of the 
USSR Academy of Sciences: “Following Anatole France’s wise 
advise, we are prepared to accept everything supernatural if it 
actually happens.” 

EIGHTH EPISODE. Let’s go back to the first episode and quote 
B. Kazhinsky’s manuscript. 

“Accurate measurements and intricate calculations which I’ve 
made with my scientific supervisor Academician A. Leontovich, have 
given me reason to conclude that, unlike a metal conductor, the 
living conductor-—that is the nerve—features superconductivity among 
other things. The phenomenon of superconductivity is known to 
take place at a temperature as low as — 268.9°C. A man in 
command of this temperature can obviously produce instruments 
capable of sensing, transmitting and recording feeble 
bioelectromagnetic waves without weakening their energy. 
Apparently, it’s high time to design instruments which would 
intercept and decipher the electromagnetic signals associated with the 
mental activity of the human nervous system. They would be the 
first devices to serve biological radiocommunication”. 
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The two concepts, psyche and superconductivity, were so 
strikingly dissimilar that their relation couldn’t but be engraved in 
my memory. 

I recollected this association when an article by Professor 
N. Kobozeyv, D.Sc. (Chem), appeared in The Journal of Physical 
Chemistry, Nos. 2 and 4, 1966, disclosing an exciting hypothesis “On 
Physical and Chemical Modelling of Information and Thought 
Process”. 

The author considered the mechanism of human psyche in 
terms of thermodynamics—a science concerned with the most general 
aspects of motion in molecular systems. If the exchange of 
information and the thought process take place at the molecular 
and atomic levels, the information and psyche must obey the laws 
of thermodynamics in general and those of conservation of energy 
and decrease in entropy in particular, said Kobozev. He proved this 
by constructing thermodynamic models of information and psyche. 

Since atoms and molecules are in a state of constant motion, 
they tend to scatter throughout a given volume. Hence, an increase 
in entropy. The entropy of a system will not increase only when the 
thermal motion ceases to exist. This will also be the case when the 
temperature drops to absolute zero. The entropy will then also be 
zero, and the thermodynamic system will acquire stability. 

Speaking about the psyche, when we arrive at a single-valued 
conclusion it means that our mind is in a stable state in terms of 
thermodynamics. 

No matter how many times you may reason, the outcome will 
always be the same. You can construct, for example, the proof of 
Pythagoras’ theorem an endless number of times and always arrive 
at the same result. This implies that the probability of the existence 
of a thermodynamic system, owing to which the thought process 
occurs, equals unity. In this case, the only possible state of the 
minute particles responsible for the thought process is one of total 
order and unsusceptibility to thermal chaos. 

We come thus to the conclusion that logical reasoning is 
stream-lined and single-valued. Physically, this is possible only when 
the temperature of the particles which form the brain is absolute 
zero. 

“Hence,” writes N. Kobozev, “we come to a conclusion of 
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paramount importance: no thought process in which minute particles 
known to us participate can exist at the atomic and molecular level. 
We have to look deeper for its mechanism, at the level of nuclear 
particles.” 

Let’s assume that it turns out that the mechanism of thought 
process really functions at the nuclear level. The problem which has 
been the long-standing bone of contention will then be treated 
totally differently. Neutrino, a particle of unique penetrating 
ability-—for even our planet is no obstacle for it~may serve, for 
example, as an unexcelled means of communication. Leading 
authorities in physics, such as Academicians V. Ginsburg, M. Markov 
and G. Zatsepin, speak about the prospect of establishing a neutrino 
channel of communication. However (we must use this word once 
again), will a neutrino channel be compatible with living creatures? 
NINTH EPISODE. The sci-fi author Sever Gansovsky hasn’t been to my 
place since his telepathic sessions. The bioinformation section of 
Popov Scientific Society for Radio Engineering and 
Telecommunication is said to have ceased to exist. The passions 
around telepathy have hit a low, and the telepathists have let off 
steam. The world famous parapsychology lab of D.B. Rine has lost 
its connection with Duke University, North Carolina, USA, and is 
said to be functioning as an organization for the exploration of 
man. It’s a private venture which avoids mentioning any previous 
connections with telepathy. 

Even Stanislav Lem, who is reputed to be a far-sighted sci-fi 
writer, points out in his book Sum of Technologies, a book on 
a cybernetic interpretation of the past and future, that this subject 
presents no prospect any longer... Thus, we can give up discussing 
“telepathic technology” with a clear conscience. 

A strong objection to telepathy is made by Professor 
Ch. Hansel in his voluminous Parapsychology. He dwells there, even 
too elaborately, on parapsychological experiments, sources of possible 
errors, techniques of deception. The book reads impressively. Its 
sobering effect is spoiled, however, by a wordy epilogue written by 
A. Kitaigorodsky. On summarizing the book’s content, he spares no 
effort to assert his attitude towards telepathy and science as 
a whole, the attitude of a person who claims his overall superiority 
and his sole right to declare what can exist in science and what 
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cannot. His superemotional baseless statements stir an unhealthy 
interest around the problem. 

Telepathy has suffered thus a decisive blow. However... 

LAST EPISODE. Year after year for a long time indeed, I have been 
receiving invitations to attend various events: a symposium on “the 
scientific problems of telepathy and the methodology of experimental 
studies..of bioinformation”, a session with a psychologist at the 
Institute of General and Pedagogical Psychology followed by 

a demonstration of “an electrostatic model of distant effect”, 

a meeting of scientists concerned with “mental power and related 
domains”, a conference at the University of Medical Science and 
Practice to discuss “the experimental transmission of biological 
information” and the like. 

Professor N. Kobozev sent me his Studies in the Field of the 
Thermodynamics of Information and Psyche published at Moscow 
University in 1971. The voluminous monograph enlarges upon, and 
delves deeper into, the concept of the mechanism of thought process 
at the nuclear level in quest of which is Kobozev, as I’ve mentioned 
above. The book creates an impression that the author is well 
acquainted with the literature about the brain, thought process, data 
transmission and biological communication. He has even noted my 
contribution in this field. 

The astronaut Edgar Mitchell was the first to hold a telepathic 
session from space during the Apollo-14 mission to the Moon in 
February, 1971. He transmitted information to the Earth by mental 
efforts only. On returning from the flight, he learned that fifty one 
images of the so-called Zener cards coincided out of the total of 
two hundred images which he had flashed from the pack while in 
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space. The probability of a random result in this case was estimated 
to be 0.0003 according to a USA source. This gave Mitchell reason 
to claim that telepathy existed, but was an unexplored domain 
which required systematic studies just like other sciences. 

Nat Takker followed suit in the article “Parapsychology” 
published in Amerika in March, 1972. He was convinced that 
parapsychological experiments would go on and the new scientific 
discoveries would force us to reconsider and update our conceptions. 
AN ADDITION TO THE LAST EPISODE. When the second edition of 
Cybernetic Medley went to press early in the summer of 1973, 

I received an invitation to attend the First International Conference 
on the Research in Psychotronics. It came from the Section on 
Research in Psychotronics, Committee for Applied Cybernetics, 
Czech Scientific and Engineering Society, Prague. The conference 
had set up the International Association on Research in 
Psychotronics and had decided to publish its proceedings. 

It looks as if in response to the conference the article 
“Parapsychology: Illusion or Reality?” appeared in Problems of 
Philosophy the next September. Its authors V. Zintchenko, D.Sc. 
(Psychol), A. Leontyev and A. Luria, Fellows of the USSR Academy 
of Pedagogical Sciences, and B. Lomoy, Associate Fellow of the 
same Academy, disapproved of the useless sensation that had been 
created around the problem. At the same time, they stressed that 
“the research into the realities described in parapsychology should 
be systematized”. 

It was because of the article, or for reasons unknown to me, 
that large envelopes and bulky parcels with materials about 
telepathy, mailed by enthusiasts of parapsychology, began to arrive 
at my place. Among them was “Brief Memorandum”—an expert and 
objective twenty-one page survey of the state of affairs in 
parapsychological research (psychotronics and psychopower included) 
during the period between 1970 and 1975. An eight-page 
bibliography with two hundred references was added to the survey. 

I’ve learned from this document that the Second International 
Conference on Research in Psychotronics was convened in Monte 
Carlo between June 30 and July 4, 1975. Its four hundred and 
fifty-page Proceedings gave account of one hundred and twenty two 
papers read by scientists from eighty nations. 
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It will be noted that a certain attitude towards the problem of 
“senseless/incomprehensible” started to take shape by 1975. This 
attitude was more or less reflected in the Great Soviet Encyclopedia, 
volume 19, page 564. The relevant entry couldn’t end, however, 
without a warning: “Speaking about the concept of parapsychology, 
distinction should be made between the illusory, supernatural 
phenomena that are publicized by mystics and imposters and the 
real facts that haven’t yet received a plausible scientific explanation in 
terms of physics and psychology”. 

This is all indisputable. However (one can’t really avoid this 
word), who would tell us what attitude should be taken towards the 
facts witnessed and described by our well-known writers? They can 
be denied neither as a keen power of observation nor an unbiased 
objectivity nor a fervent devotion to science. 

Alexandr Green told us about a girl he had been in love with. 
She had generously reciprocated his feelings. Once in the evening 
when..he was quite alone and everything was silent, he heard the 
girl distinctly whisper to him the only word “Farewell” a number of 
times as if directly into his ear. Green noted the time. 

The next morning he cabled the girl. He was informed that she 
had died of a heart attack the night before (you will probably 
recollect a similar incident with Kazhinsky). 
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“And I feel,” Green says, “that we are secretly exposed to 
a mental influence which billions of living creatures exert upon us. 
If we find out this relationship when our nervous system has 
attained such a state of refinement that it is on the brink of reading 
thoughts, this will really be a breakthrough in science.” 

I wouldn’t be objective unless I mention a note that was made 
by the author of a book of reminiscences about Green. The author 
was sure “beyond any doubt” that Green had invented the episode. 
His intention had been to check the listener’s reaction to his story 
“Voices and Sounds”. 

There is another fact. ’'m going to dwell on it and on an 
accompanying note which was made, however, by the hero of my 
story herself. It’s Marietta Shaginyan who mentioned an interesting 
thing about her sister Linna in her memoirs Man and Time: 

“The term ‘entelekhiya’ is no longer in vogue in our modern 
world, for it sounds vague and idealistic. It’s omitted from the 
entries beginning with e in Ushakov’s Explanatory Dictionary of the 
Russian Language because it has been eliminated from the Russian 
language. However, the term was used long ago, predominantly by 
people concerned with philosophy, to denote a sort of power or—to 
be exact—a combination of mental, emotional and spiritual power 
plus a given individuality plus something else that might have effect 
over a distance, impress you and exist as a reality which should 
be—and can be—taken into account”. (Put in italic by V. P.) 

And so, M. Shaginyan introduced the note: 

“The modern parapsychologist and everyone else concerned with 
inventing the things which the majority of unsophisticated and 
honest men have known from experience since a long time ago 
should get interested in the influence (or in the phenomenon that 
brings about a conscious wave of human transformation) which 
Linna’s entelekhiya exerts on the entelekhiya of the man in the 
street.” 

Every time I prepared Cybernetic Medley for a new edition, 
new episodes of personal experience with telepathy happened to me 
on their own accord for reasons unaccountable for, though a kind 
of telepathic suggestion wasn’t excluded. 

Once, when I had come with Professor B. Biryukov to the 
country house of Spirkin, Associate Fellow of the USSR Academy 
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of Sciences, in order to work over some cybernetic publication, we 
started to discuss human transference of information. Spirkin told us 
that being a psychologist by education, he had become interested in 
parapsychology and was at pains to learn all its pros and cons. 
Biryukov deliberated on the nature of sensation. He said that there 
were three kinds of sensation known: scientific sensation, 
antiscientific sensation, and prescientific sensation. The two former 
terms needed no explanation. Prescientific sensation was an objective 
phenomena that lent itself neither to study nor to proof by way of 
an experiment as had been practised in science. Hence all the 
difficulties. 


Grasping the opportunity, I invited Spirkin and Biryukov to 
discuss their ideas with writers at the Central Literary Club. Their 
get-together, we called it “Meeting about Sensation for the 100lst 
Time”, took place on April 23, 1978. 

I took the chair and had problems in managing the frame of 
mind of those members of the audience who had been more 
accustomed to the lures of supernatural phenomena demonstrated 
predominantly by covert mystics and imposters than to scientific 
objectivity. A scientific approach to the problem was illustrated by 
the following viewpoints: 

“It has been established that a material field of a nature not 
known yet exists in the space surrounding living creatures. The 
physical reality of a biological field has been proved by a number 
of indirect physical experiments and the subjective feelings of 
numerous experimenters”. (Academician Yu. Kobzarev, authority in 
radar.) 
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“T believe that telepathy is worth the attention of serious 
scientists. Igor Tamm also thinks, for example, that the problem 
should be taken seriously. Quantum mechanics emerged due to the 
failure of classical physics to explain certain phenomena 
contradicting the classical principles. Something of the same kind 
may occur in biology”. (Academician I. Lifshits, authority in the 
physics of solids.) 

“From the standpoint of Weltanschaung, such concepts as 
matter in all its forms, the building blocks of the Universe, and the 
elements of human individuality are seemingly enlarging in scope. As 
far as theory in general is concerned, a kind of new link between 
the processes of mental, biological, and physical origin comes into 
existence, a sort of psychobiophysical reality”. (A. Spirkin, Associate 
Fellow of the USSR Academy of Sciences, philosopher and 
psychologist.) 

Well, it’s not unlikely that all this is true. However, as it’s said, 
we shall live and learn. 
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Almost on the eve of sending the last Russian edition of this book 
to the press, a Russian translation of the Proceedings of the IEEE 
(No. 3, March 1982) appeared. I learned from the publication that 
my point of view, as expressed in the concluding sentence of the 
section “An Addition to the Last Episode”, was correct. I wrote 
there: “Well, it’s not unlikely that all this is true”. 

On page 63 of the Proceedings’ Russian translation, there is 
a paper “The Present Paradox of Psychic Phenomena: An 
Engineering Perspective” by R.G. Jahn, Dean of the School of 
Engineering/Applied Sciences, Princeton University. 

The translation editor pointed out in the footnote that many 
aspects of the paper were disputable. However, the description of 
the instruments and methods used during the experiments and the 
results obtained were of interest to those who specialized in psychic 
phenomena. 

As far as our discussion is concerned, we are interested in the 
author’s evaluation of the problem in general. He writes: 

“Certainly no field of scholary endeavour has proven more 
frustating, nor has been more abused and misunderstood, than the 
study of psychic phenomena. Dealing as it does as much with 
impressionistic and aesthetic evidence as with analytical substance, 
and carrying by its nature strongly subjective and numenistic 
overtones, it has been incessantly prostituted by charlatans, lunatics, 
and sensationalists, categorically rejected by most of the scientific 
establishments, and widely misunderstood by the public at large. 
Interspersed with this, and generally encumbered by it, a pattern of 
legitimate effort to comprehend and utilize the purported phenomena 
has evolved to a point where some dispassionate assessments of its 
accomplishments can be attempted”. 

In what follows, and it is a long paper of 41 pages, the author 
attempts a “dispassionate assessment” of the accomplishments. He 
touches upon many aspects of a psychic phenomena, but we are 
interested in only one: what is telepathy? The author’s conclusions 
are evident from the following citation: 

“To date there has been little progress in correlating the degree 
of success of such efforts with the prevailing experimental conditions 
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or with the personality traits or attitudes of the participants. 

A certain body of lore has compounded from the testimony of more 
successful percipients, such as, the desirability of a personal rapport 
between the agent and percipient, the value of a lighthearted 
attitude, the importance of excluding any associative or constructive 
logic, etc. but much of this is still too vague and inconsistent to 
provide any basis for experimental refinement or theoretical 
modelling. At present, the only fair statement would be that 
empirical evidence for this class of phenomena continues to 
accumulate, but with frustating irregularity and little basic 
comprehension”. 

These vague and contradictory deliberations seem to lack even 
a rudimentary understanding of the phenomena. Just sheer 
assumption and anticipations. 

Wouldn’t it then be prudent to wind-up the discussion and 
never raise the issue again? In spite of all the lively discussions of 
very long standing, telepathy so far lacks scientifically validated 
proofs of, and trustworthy conclusions about, its reality. 

Public opinion about psychic phenomena in general, and 
parapsychology in particular, is split into four fractions. There are 
passionate champions, moderate supporters, temperate opponents, 
and bitter adversaries. The second and third groups are more or 
less tolerant of each other’s inclinations. But, as the saying goes, 
God save us from taking part in a dispute between the two extreme 
fractions. 

Consider the way a moderate supporter of parapsychology, who 
seeks to explain this phenomena in terms of cybernetics and 
information theory, may reason. The study of his viewpoint is 
consistent with the subject matter of this book. 

The citing of scientific authorities can neither disprove nor 
corroborate the mysteries of the human psyche, for these persons 
themselves can be either passionate champions or bitter adversaries 
of parapsychology. Physicialism provides no scientific explanation to 
psychic phenomena as well. The mental functioning of human beings 
has nothing in common with the physical and chemical processes of 
any kind that take place in their bodies. The difference between 
psyche and physical functioning is a matter of quality. Psyche is 
a sort of information process. The qualitative difference between 
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mental and physical functioning is proved by the fact that the 
physical properties of the medium of communication have no effect 
on the information that is being transmitted. Hence, no 
fundamentals of physics can provide a plausible explanation of 
communication theory. 

The known examples of person-to-person contacts by way of 
a communication medium whose nature can’t be defined, can hardly 
be denied. The expression of a person’s eye may frequently indicate 
the frame of his mind and other features of his psyche. It’s said 
that the eyes are the window to the soul. But how can a person 
perceive a stare cast at his back? What is the physical equivalent of 
an expressive look? A lack of knowledge about the communication 
medium involved in this case, or our inability to define the process 
which brings about this medium, provide therefore no reason to 
reject all facts of transmitting information. 

We know that any message is encoded into a form suitable for 
the communication medium preparatory to transmission. By defining 
the communication medium we define the code. Man can 
comprehend a message by decoding. No communication can take 
place between people without decoding, which occurs both 
consciously and unconsciously. The unconscious decoding is 
a function of psyche which is factor of paramount importance in 
human communication. 

A communication medium may remain a mystery because we 
either can’t realize what kind of a known physical phenomenon is 
involved, or we don’t know of an objective physical phenomenon 
yet, that provides for this medium. 

In this connection consider the so-called existence proof. It’s 
a philosophical concept we have to resort to willingly or unwillingly 
every time when we must accept or reject a phenomenon as 
a reality. The existence proofs commonly in use are the laws of 
science, philosophical concepts, and also common sense. Not 
infrequent are, however, the cases when a new scientific theory 
contradicts common sense. Likewise, a scientifically validated fact 
may sound absurd and inconceivable from the point of view of 
common sense. 

Scientific principles may be inconsistent with philosophical 
conception as well. Electrons, quasars and black holes were not 
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known in the past. But the probability of their existence could be 

logically inferred from the principle of inexhaustibility of matter and 

a dialectic interpretation of nature. 

Physics, chemistry and biology are some of the existence proofs 
in frequent use. But even these exact sciences cannot always provide 
an answer to the question about the reality of a given phenomenon. 
More than one existence proof must be used in this case. 

Generally speaking, the question what is real and what is 
unreal can be answered in three different ways. 

1. A thing definitely either exists or does not; for example, the 
desk I’m writing at now exists, but a centaur is nonexistent. 

2. A thing probably either exists or does not; for example, not 
excluded is the possibility that certain biochemical factors can 
discontinue the growth of a malignant trumor; not excluded is 
the possibility that a way of transmitting information between 
human beings exists which is unknown in science yet; the 
much publicized Snowman is most likely nonexistent. 

3. The question whether a thing exists or not can’t be answered 
at all, for both alternatives have practically the same amount of 
probability. For example, how can we answer the question 
whether rational beings capable of sustaining exposure doses of 
10000 roentgen and temperatures of 10000°C exist in the 
universe? Incidentally, such questions are not always senseless. 
They may be of educational importance, for they reach beyond 
the compass of our knowledge. 

In this connection, every person who wishes to acquire 
knowledge, and even mankind as a whole, faces three different 
situations simultaneously. On the one hand, we are aware that we 
know something (we know for sure that E=mc?). On the other 
hand, we realize that unknown things exist and therefore pose 
problems. For example, we are aware that some factors bring about 
malignant pyrexia, a rare and dangerous malady, but we don’t know 
what they are. Finally, the most interesting situation which often 
invisibly exists during all our scientific studies is that we don’t 
realize what things are still unknown. For example, the ancient 
Greeks were not only ignorant about viruses and nuclear reactions, 
but unaware of their ignorance. This, the so-called preproblem 
situation, is an ever-present one. It must always be taken into 
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account in selecting the right existence proof, especially for solving 
the mysteries of human psyche. It’s not at all unlikely that 
something quite unsuspected is inherent in ourselves, in our psyche, 
that will be discovered in due time only. 

We again face here the dejected and unpromising: we must live 
and learn. 
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What follows are the reflections brought about by Norbert Wiener’s 
book God and Golem. 

Let’s begin from long ago. 

“Ne pratsi bendy kololatsy”, Koreisha, a Moscow idiot, used to 
say. The meaning of this incomprehensible set of words, or rather 
sounds, was known to neither science nor, apparently, religion. 
However, it sounded mysterious and was therefore adopted by 
religion as a kind of incantation. If only absurdity were religion’s 
sole weapon! 

A meeting with clergy at Central Literary Club during the days 
of a world youth forum in Moscow comes to mind. Listening to the 
speeches, I wondered how skillfully the advocates of faith had made 
their outlook agree with science. The church, once a brutal foe of 
natural sciences, was now flirting with them far and wide. 

Pope Pius XII declared in an encyclical published in 1950: 

“The church bans neither a study of the theory of evolution in 
accordance with modern trends in humanism and theology nor 
a discussion of the subject by the specialists in the two disciplines”. 

Unlike Alliotta, a theological philosopher, modern theoreticians 
of the altar don’t say any longer that mental processes can be 
neither studied nor evaluated in terms of mathematics. They are at 
pains to make religion compatible with cybernetics. To that end, 
they misinterpret cybernetic conceptions by postulating, for example, 
that information or, in other words, the signals which carry data, 
originates with God and that its only percipient can be man’s soul. 

The concept of the Trinity—Father, Son, and Holy Spirit—has 
been radically transformed along modern “intellectual” lines. God is 
regarded as a sort of general all-mighty intellect with absolute 
power who can fathom everyone’s intentions and control anything 
that occurs anywhere, our sublunar world included. 

Theologians regard religion as communication between believers 
and God and as divine control over believers. This was what 
prompted N. Wiener to study the cornerstones of 
religion—knowledge, power and worship—in terms of his theory of 
communication and control. The fact that “Knowledge is inextricably 
intertwined with communication, power with control, and the 
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evaluation of human purposes with ethics and a whole normative 
side of religion”, has been comprehensively disclosed by Wiener in 
his paradoxical work God and Golem, Inc. This book, very personal 
and yet social at the same time, was published in 1964 after its 
author’s death. 

Wiener starts with condemning any attempt to put God and 
man, living creatures and machines on the same level. He warns 
that by sticking to this prejudice we shall contribute but little to 
the advancement of knowledge. 

Consider some of Wiener’s thoughts. 

“The fact is that the superlatives of Omnipotence and 
Omniscience are not true superlatives, but merely loose ways of 
asserting very great power and very great knowledge”. 

“There are at least three points in cybernetics which appear to 
me to be relevant to religious issues. One of these concerns 
machines which learn, one concerns machines which reproduce 
themselves, and one, the coordination between machine and man.” 

“God is supposed to have made man in His own image, and 
the propagation of the human race may also be interpreted as the 
process by which one living being makes another in its own image. 
In our desire to glorify God with respect to Man and Man with 
respect to matter, it is thus natural to assume that machines cannot 
make other machines in their own image.” 

Is this really so? Machines are “very well able to make other 
machines in their own image”. 

“The subject of learning, and in particular of machines that 
learn to play games, may seem somewhat remote from religion. 
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Nevertheless, there is a religious problem to which those notions are 
relevant. This is the problem of the game between the Creator and a 
Creature. This is the theme of the Book of Job, and of Paradise 
Lost as well.” 

(The Devil plays a game with God. Religion claims that the 
Devil is one of God’s creatures. Thus, the game is played between 
God and one of his creatures. God is engaged in a conflict with his 
own creature, in which he may very well lose. The Devil is 
a master of subtlety.) 

“Can God play a significant game with his own creature? Can 
any creator, even a limited one, play a significant game with his 
own creature?” 

“In constructing machines with which he plays games, the 
inventor has delegated to himself the function of a limited creator, 
whatever the nature of the game-playing device that he has 
constructed. This is in particular true in the case of game-playing 
machines that learn by experience. As I have already mentioned, 
such machines exist.” 

“The reprobation connected in former ages to the sin of 
sorcery, is connected now in many minds to the speculations of 
modern cybernetics. For make no mistake, if but two hundred years 
ago a scholar had pretended to make machines that should learn to 
play games or that should propagate themselves, he would surely 
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have been made to assume the sanbenito, the gown worn by the 
victims of the Inquisition, and have been handed over to the secular 
arm...” 

A surprising train of thoughts! 

The well-known truism “Man is a creator rather than a slave” 
has been proved correct by Wiener in light of cybernetics and such 
concepts as self-reproducing machines, learning machines and 
man/machine relationships. 

So much about Wiener. As far as I am concerned, the 
cybernetic approach to religion wasn’t a revelation. I was interested 
in the problem long ago. Already in 1960, my article “Man, 
Cybernetics and God” in Science and Religion pointed out as 
groundless the attempts to adapt such cybernetic issues as 
information, feedback, and modelling to the needs of religion. 

This contribution of mine was included in the bibliography to 
the entry “Cybernetics” in the Encyclopedia of Philosophy, volume 2, 
which was published in 1962. 

But I never imagined that the issue of man, cybernetics and 
God would be discussed so enthusiastically. 

In March, 1963, that is exactly one year later, I read in 
Komsomolskaya Pravda an article by the late L. Teplov “The Highest 
Intellect”. He was also the author of the clever and uncommon 
book Cybernetic Essays. The article, as you can see, appeared before 
the publication of Wiener’s book in the USA. Assuming that Teplov 
had been unaware of Wiener’s lectures, based on which was God 
and Golem, Inc (and this was practically impossible), he had been 
the first to dwell on the problem of the relationship between 
information and religion. He became acquainted with theological 
literature in 1960 and was studying religious dogmas from 
a cybernetic point of view since then, Teplov told me. 

Considering religion in terms of information theory, he came to 
the conclusion that “God is an information which is isolated from 
signals and exists therefore of its own accord.” But information is 
a concept of a nature which precludes its origination from nothing 
and its existence of its own accord. Information is brought about by 
signals. No signals, no information. This implies that God is 
a concept which cannot exist. 

Teplov’s deduction backs up the cybernetic negation of God 
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credited to Wiener. Owing to it, a new element, 
God-signal-information, is added to the clear-cut logical scheme 
conceived by Wiener: 

knowledge-communication-learning machines; 

power-control-self-reproducing machines; 

worship-evaluation-man/machine cooperation. 

In 1964, that is a year after Teplov’s elucidation, the book 
Cybernetics—an Antireligion by Yu. Antomonoy and V. Kazakovtsev, 
which attacked religious myths from the standpoint of cybernetics, 
was published by Molodaya Gvardiya Publishers. Several chapters 
from the book appeared in Science and Life magazine somewhat 
earlier. 

In 1968, the pamphlet Information Theory and Religion by 
A. Ursul, M Sc (Hist)—now Doctor and Professor—dwelled on such 
issues as “Is Information Divine?” and “Religion in the Light of 
Information Theory”. 

What was the background of these discussions? It was the fact 
that the church, as I’ve already pointed out, has declared God an 
omnipotent, omnipresent and omniscient system of control. 
Speculating on cybernetics as on one of the most recent scientific 
innovations, the church claimed that such issues as information, 
feedback and control corroborate the conceptions repeatedly 
advanced by theologians for ages. 

The conclusion arrived at by A. Ursul on the basis of 
information theory is that worship originated, among other things, 
from ambiguity and a lack of information. The church and its 
servants cunningly capitalized on this fact in order to attain their 
end: to validate the concept of God and belittle man. Theologians 
ascribe explicitness, knowledge and information to God and 
ignorance and ambiguity to man. 

In fact, everything is just the other way around. Man has 
convincingly proved his potency, his ability to learn and transform 
the world, to gain control over the information which was 
supposedly inaccessible to him. He has become a kind of god 
himself, and the God who is inferior to man in some respect is no 
God any longer. Religion’s advocates realize this very well and are 
at pains to endow God with the scientific potency of man. 

Within two years, I. Poletaev, the author of the well-known 
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book on cybernetics by the title Signal, declared at a conference 
devoted to the use of exact sciences in the studies of art and 
culture: “The hypothesis of God is groundless, devoid of any 
relationship with man, experiment and scientific theory. Science has 
nothing to do with it except to use the word God either as a term 
which denotes the incomprehensible, the unknown which falls 
outside the scope of well-defined problems, or as a receptacle of 
illusions, vain dreams and ill imaginations”. 

In 1972, the physicist and popularizer of science Gleb Anfilov, 
tried to trace in his article “Game and Magic” the origin of religion 
in the light of the theory of games which, in its turn, was 
subordinated to a more general concept of information. Professor 
S. Tokarev, D Sc (Hist) commented on the article, which appeared 
in Znanie magazine: “Interesting? Yes. Indisputable? No.” 

Professor V. Nalimov who is known as an originator of many 
fascinating ideas and the author of a theory of modelling the 
word-building ability of man (he also asserts that the theory of 
probability may pave the way to establishing man/machine dialogue), 
said in his usual way quite recently to me: “As far as God is 
concerned, one can say nothing; neither that he does exist nor that 
his existence should be negated. It’s a non-scientific concept.” 

As a matter of fact, this is true. An actual 
God-signal-information reciprocal connection has never been 
established by anyone, anywhere, under any conditions at any time. 
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A person who brings about a unique novelty—an inventor, 

a scientist, a writer or an artist—is said to be a creator, an 
individual who has a creative soul, bursting with creative spirit and 
vigour. 

The intricate nature of the creative process has been mastered 
by people little by little. We, who belong to the camp of 
materialists, see nothing eerie in creativity now. A “creative spirit” is 
regarded as a manifestation of the ability, inherent in man, to create 
and consciously serve society’s multifaceted needs. 

Creativity brings into action all the spiritual forces man is in 
command of: abstract thinking, imagination, intuition, experience and 
the like. This is well known. But what is the mechanism of the 
process? What laws does this mechanism obey? What is the creative 
role of the brain? How does the brain “print out” its inferences? 

A poet would put it as follows. 

“Imagine a windowless house with corridors that form a maze 
with a density varying from one part of the house to another. The 
electric bulbs provide illumination of varying intensity, some of the 
corridors being lit brightly and others dimly. The doors in the 
corridor walls are spaced a metre apart. They open into the rooms. 
Various things are found there in numbers which vary from room 
to room. 

“The things in the rooms represent human knowledge, people 
possess it in varying degrees. The way the corridors are arranged, 
that is, whether they provide a through passage or form cul-de-sacs, 
is an embodiment of the quickness of wit, of the brain proper. 
While a bright person speedily hauls his belongings from one 
corridor to another, in the same amount of time a fool is hardly 
able to drag his things out of a cul-de-sac. 

“The lighting in the corridors is the lucidity of the mind, 

a person’s logic. In a well-lit corridor, the things are distinctly seen 
and each of them goes where it belongs. In a dimly-lit corridor, the 
things can be easily confused with each other. This may give rise to 
fantastic results.” 

But what is the scientific point of view about creativity? 
Science, unlike poetry, is very cautious in this respect. 
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A single-valued exhaustive answer is still lacking. It’s being sought 
from. various viewpoints, and taking part in the search are scientists 
of all kinds: biophysicists, biochemists, neurophysiologists, 
physiologists, psychologists and even mathematicians. Cyberneticians 
are, of course, not excluded. 

The advent of computers has provided an impetus to the quest 
for the mechanism of creativity. Now it’s possible to represent 
intricate problems in the form of computer programmes, and to 
construct models of creativity. 

This doesn’t imply that a model of creativity is an alternative 
to creativity proper. 

The point is that cyberneticians have decided to tackle the 
problem step-by-step. Any intricate question can be broken up into 
its constituents, each of which is solvable with less effort. Likewise, 
it’s in principle possible to break down creativity, which is 
a sophisticated form of mental activity, into elementary information 
processes. 

The actual way of doing so is outlined in the theory of 
algorithms. It provides the guidelines for solving many mathematical 
problems, but is not a key for handling all of them. There are 
problems for which no algorithms have been constructed yet or 
which have no algorithms at all. And to synthesize an algorithm for 
a given problem is really an art so far. 
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Sophisticated as it is, the human thought process ranks second 
to none in this respect. We assess and compare an innumerable 
multitude of options before chosing one which is correct, accurate 
and single-valued. But how do we manage to accomplish this task? 

Seeking an answer to exactly this question is a new science 
known as heuristics. The term was coined after the utterance 
supposedly belonging to Archimedes: “Eureka”, which means “I’ve 
found out.” 

The well-known American mathematician D. Poyang writes in 
How to Solve a Problem that heuristics seeks to find out how 
problem solutions are obtained. It’s particularly concerned with the 
thought processes involved in this case. None of the sources from 
which heuristics acquires information should be neglected. Heuristics’ 
objective is to probe into the mechanism of inventions and 
discoveries. 

So, what is heuristics? 

Suppose a mathematician instructs a learning bicyclist: “Watch 
that the curvature of the bicycle’s path varies directly with the ratio 
of the imbalance and the square root of the speed and everything 
will be all right.” The bicyclist will not understand such instructions, 
unless he is a mathematician himself. 

Practically, we learn to ride a bike in a much simpler way. We 
settle into the saddle, grasp the handlebars and start to pedal, while 
someone takes hold of the saddle at the rear for support. The 
pedalling goes on until you get the knack of cycling. 

A cybernetician will say that cycling is an execution of 
a programme which consists of an intricate array of rudimentary 
information processes intended to solve complicated problems in 
dynamics. 

For a psychologist, cycling is a physiological process of coping 
with problematic situations and setting up a new pattern of 
behaviour. 

This pattern appears to be particularly complex when the 
discovery of a novelty is in sight. Coming to the rescue then is 
heuristics, which is a science concerned with the mechanism of 
creative brainwaves. Moreover, heuristics develops methods of 
controlling creativity. 

Since nature is said to be speaking the language of 
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mathematics, cybernetics has naturally buckled to designing the 
so-called heuristic programmes. 

What is this? 

To begin with, recall the funny story with Harris, a character 
from Jerome Jerome’s Three Men in a Boat, who decided to visit 
the maze in Hampton Court Park: 

“We'll just go in here, so that you can say you've been, but it’s 
very simple. It’s absurd to call it a maze... We'll just walk round, 
and then go and get some lunch.” 

Alas! Harris had not only lost his way but had dragged into 
the mess other people whom he had volunteered to free from the 
torturing wandering through the maze. He used the tactic of turning 
only to the right. In vain. The company of some twenty odd 
persons circled the maze all morning long without results. Harris’ 
new tactic of left-hand turns was of no avail either. It brought the 
company time and again to the maze’s centre. This recurred with 
such regularity that some people preferred to stay in one place and 
wait for the rest to return to them after a walk. 

How could poor Harris know that during his futile wandering 
through the maze in an effort to find a way out, he was using the 
so-called trial-and-error method. To find the solution in this case, all 
possible options must be tried. This is, however, a time-consuming 
operation never accomplishable in ten minutes, as Harris thought. 

Maze problems are a kind of bread and butter for heuristics. 
Heuristic programmes which are used to model the behaviour in 
a maze allow us to establish a set of logical principles. 

The so-called general problem solver is a heuristic programme 
designed to cope with maze situations. A conventional, non-heuristic 
programme seeks a way out of the maze by working on all possible 
steps towards a figure of merit, and successively rejecting those 
which are unsuccessful. This technique is called simple search. 

A heuristic programme commonly relies on the element of chance. 
This implies that a figure of merit can be found accidentally. The 
general problem solver introduces the so-called local criteria of 
merit. They are derived by evaluating the situation either around the 
neighbouring figures of merit or in close proximity to a given figure 
of merit. The options are tried not one after another, but randomly 
until the programme indicates a figure of merit which is closer to 


3 Creativity, Soul, Heuristics 


the goal than anything else. After another search, another figure of 
merit is found which is still closer to the goal. And so on, until 

a succeeding trial indicates that the programme has attained the 
goal. Such “behaviour” of the programme is heuristic tactics. It 
appears to be more effective than simple search and is believed to 
be an inherent feature of mental activity and the basic principle of 
human creativity, as supporters of the general problem solver claim. 

Other scientists who also study the problem of creativity argue, 
however, that the general problem solver is only an approximation 
of the human process of problem solving. Man relies on another 
process when formulating his strategy. This fact, they say, is 
exemplified by chess. 

In chess, a position of the pieces after some development is an 
original problem area and the checkmate is a figure of merit. 
During the game, it appears that original problem areas and figures 
of merit are legion. The paths from every original problem area to 
every figure of merit are so numerous that a tremendous body of 
numbers must be handled during a search. 

Interesting experiments with chess were conducted at the 
Institute of Psychology, USSR Academy of Pedagogical Sciences. 
They gave reason to assume that man tackles a problem along 
heuristic lines by constructing a model of the situation. 
Pondering—for example—over a complex position on the 
chess-board, he singles out the pieces between which connections 
must be established. This approach significantly reduces the number 
of the moves toward the goal, for those which are irrelevant can be 
disregarded, omitted. Man formulates his strategy by way of 
modelling the entities of the problem so as to be in position to 
treat the situation as a single whole. In other words, the point is 
that he pictures the whole problem and its entities. 

To enable a machine to perform in the same way, it must be 
provided with instructions man doesn’t need at all. They are 
obvious for him, coming from his common sense. 

The hypothesis of common sense has also been advanced in 
heuristics. The instructions have been split into two parts, visible 
and invisible ones. The visible part comprises the instructions which 
we follow and which permit exclusions. The invisible part tolerates 
no exclusions and is termed B-rules. 
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One of the authors of B-rules explains that, once they have 
been introduced into the programme, it is as if they provided 
a touch of humanity to the machine’s behaviour, add to it certain 
simple features of human character. This can be, for example, 

a clearness of purpose (walking towards a goal along the shortest 
path) or thriftiness (the less numerous the army the more valuable 
the soldier). 

B-rules are a sort of computer’s code of conduct which prevents 
the machine from wrongdoing, keeps in check vain and adverse 
undertakings. 

Unfortunately, heuristics lacks a common point of view 
regarding all its main principles. There is even no generally-accepted 
theory of heuristics. Therefore, the hot debates around the problem 
which create different approaches to this branch of knowledge are 
unavoidable. 
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What names weren’t given to digital computers and other cybernetic 
machines: clever computers, electrical brains, reasoning computers, 
electronic brains, man-like machines. 

With time, the computer's abilities have acquired a well-defined 
scope and the difficulties encountered in cybernetics have become 
quite evident. 

Literally, just a few years ago, a new concept came into 
existence, that of so-called artificial intelligence. It’s not a scientific 
topic of local significance but one of the key problems of 
cybernetics which covers a wide range of issues. Artificial intelligence 
is discussed far and wide not only by cyberneticians but by 
specialists from other branches of science and engineering. 

Why has it stirred so much interest? Because the ideas put 
forward in connection with the problem of artificial intelligence have 
found numerous practical applications. They are used not only in 
cybernetics and other scientific domains, but in engineering, space 
exploration, economy, medicine and industry as well. 

Capitalizing on the findings from the study of artificial 
intelligence are computorized decision-making operations, 
man/computer dialogue systems (especially those which use a natural 
language rather than a machine-adopted one), machine translation, 
the proving of mathematical problems on computer, computer-aided 
design, modelling, automatic programming, sophisticated control 
systems, intellectual data banks, learning machines, data-processing 
and advisory systems, pattern recognition, and solid-state robots. 

The extensive range of problems tackled as a result of the 
innovation speaks for itself. 

It must be confessed that the concept owes some of its 
attraction to a mysterious force inherent in the unfamiliar 
combination of words -—artificial intelligence. 

However, the true meaning of the new term can be realized by 
specialists only. Not everyone is aware of its tentative character 
intended to meet an immediate terminological need. 

When we speak of artificial intelligence, we do not mean the 
substitution of man by machine. What we have in mind actually is 
the imitation of the human thought process on a computer. 
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Why do we use, then, such a lofty word as intelligence to 
denote a new computer quality? Because, it describes a new style of 
computer utilization. 

At an early stage of their existence, computers were used to 
handle numbers only. They worked in fact as speedy high-capacity 
calculators. 

As time passed, computers switched over to processing symbols 
as well as numbers. The symbols which obey syntax acquire certain 
meanings. They form languages of their own which are used in 
exact sciences. Gradually computers acquired the ability to recognize 
and spell out texts and spoken words, though to a limited extent. 
They are now in a position to operate without mediation, which is 
the responsibility of programmers. 

As soon as computers started to process symbols with the aid 
of special programmes, the concept of artificial intelligence entered 
a realistic phase. 

It must be pointed out that the concept of machine languages 
(such as those of the ALGOL type) which are used to record 
procedures has undergone significant changes. In use now are special 
languages which enable knowledge to be fed into computers. They 
basically differ from programming languages. Any further headway in 
this field will be beneficial vis-a-vis artificial intelligence. 

A project is afoot to set up “intellectual data banks” for storing 
factual and graphical knowledge. Unlike the traditional 
data-processing systems, the informative units will be linked by 
means of semantic relationships. Intellectual data banks are intended 
to store the so-called model of the external world in the computer. 
By comparing a text fed into the computer with the model stored 
in the intellectual data bank, we shall begin to understand “how” 
the text is “understood” by the machine. 

Computers can already solve problems directly even when they 
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are formulated without a programme prepared in advance. Special 
mathematical models, named modules, which are arranged on the 
computer in a certain way, automatically provide a programme in 
this case. 

For all their versatility, computers aren’t Jacks of all trades. No 
programme, even the most versatile one, can instruct the computer 
to compose music, play chess, discuss and forecast the weather, 
write poetry. 

This problem will be solved step by step, scientists believe. All 
aspects of mental activity which can be mechanized will at some 
time be mechanized in fact by providing profession-oriented 
intellectual systems in ever-increasing numbers. 

Opponents of this plan say that the modelling of individual 
aspects of intelligence is an infinite process which never comes to an 
end. Furthermore, ways and means of unifying the computer’s 
“skills” on a common principle should be found. 

A vicious circle. In order to construct a programme which 
would enable the computer to play chess at a master level, 
impeccably translate from one language into another, or skillfully 
manipulate a robot, the machine must not only be provided with 
factual data about chess, the language and the like, but must 
possess common sense regarding the environment and certain 
concepts. 

Cyberneticians face a formidable problem. They must 
consolidate all of the computer’s skills into the ability to cope with 
numerous tasks either exactly as man does, or in a machine way 
that will obtain the same result as that obtained by man. Scientists 
formulate this problem by evaluating intelligence in terms of 
cybernetics as “an ability to make a decision, a very good one, in 
a complex situation and with a thrifty use of resources.” 

The information which people must process is constantly and 
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phenomenally increasing in scope, the problems becoming more and 
more complex. Naturally, an apparatus similar to the brain is 
required. The computer has become such an apparatus. 

What determines the aptitude of the computer? Putting it 
simply, high operating speed and memory. Artificial data-processing 
systems have an edge over the human brain in this respect. But 
a machine so far still lacks a software which is comparable to 
human abilities. The machine is devoid of programmes that would 
enable it to function with the versatility and witticism of the human 
brain. 

It thus stands to reason that to produce an artificial intellect 
which is a praiseworthy aid to man, one must provide the computer 
with the programmes inherent in man. 

Specialists believe there are two avenues of approach to the 
problem. One of them calls for further development of the existing 
computers, for improving their “aptitudes” which, as we know it, are 
different from those of man. 

The other suggests constructing programmes similar in their 
essence to the programmes inherent in man. One must model not 
a game of chess or an act of composing music, but the processes 
which occur in our brain when we play chess or compose music. 
Unfortunately, we know virtually nothing about these processes. 

Special systems are needed to enable the machine to accept 
orders given in human voice and to participate in a dialogue with 
man. Such systems are already available. In this country alone, there 
are around one hundred man/machine verbal dialogue systems which 
use a natural language, although of a limited vocabulary. 
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However, there is another difficulty. A tremendous amount of 
information is processed by man at the nonverbal level. How can 
this be entred into the computer? You can’t put into symbols the 
things which are inexpressible in words. 

This implies that the machine must not only comprehend spoken 
words but operate with concepts and images which are so far the 
privilege of man alone. 

The two hemispheres of our brain look similar but are 
functionally dissimilar. The left-hand hemisphere is in charge of 
abstract logic thinking which can be expressed verbally. It may be 
referred to as the passion for dull numbers. The gift for heavenly 
dreams and imaginary thinking resides in the right-hand hemisphere. 

Is it feasible to introduce imaginary thinking into the machine 
and if so, how? 

Some scientists visualize an artificial intellect as a kind of 
hybrid machine that functionally resembles the two hemispheres of 
the human brain. It will be, they believe, a symbiosis of the 
computer with a device which can process nonverbal information. 

The two approaches to the problem of artificial intelligence 
which seek solutions along human and machine lines seem to 
converge more and more in recent times. The present strategy is to 
bring the machine approach closer to the human approach. 

There are various attitudes to the problem we are discussing. 
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Three distinct viewpoints exist regarding the prospect of developing 
an artificial intellect. 

Optimists believe that the idea of producing an artificial 
intellect will materialize in the not so distant future. 

Pessimists totally reject this idea. 

The supporters of a soberly critical approach say that the 
studies in the field of artificial intelligence are one of the major 
sources of information about the human thought process, but it’s 
difficult to say in advance how far these studies will go and to 
what they will lead. 

The discord between the existing opinions is illustrated by the 
following deliberations of various scientists. 

One of them writes: 

“Independently operating engineering systems with inherent 
thought functions (that is systems with an artificial intellect in the 
strict meaning of the word) can be produced in the form of 
self-organizing machines only. None of the modern engineering 
systems can be endowed with the creative function of the intellect, 
for no artificial self-organizing system has been designed so far 
whose activity is equivalent to the indispensable active essence of 
living beings. The term artificial intelligence is more applicable to 
man/machine systems than to machine systems proper. Therefore, the 
term ‘man/machine intellect’ seems to be more appropriate at the 
present stage of designing cybernetic machinery. Otherwise, an 
overestimation of engineering systems and an underestimation of the 
human factor will be unavoidable. This leads to methodological and 
theoretical misconceptions and to practically fruitless quests.” 
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Consider another point of view: 

“Cybernetic models of knowledge and systems which simulate 
various aspects of conscious behaviour are the subject matter of 
various scientific discussions. The most authoritative opinion is 
voiced at joint international conferences on artificial intelligence. 

“The proceeding of the conferences provide a clear-cut picture 
about the range of the problems which the concept of ‘artificial 
intelligence’ does encompass. Among them are mathematical and 
theoretical aspects of artificial intelligence, methods of representing 
problems and knowledge in a computer memory, methods of 
problem solutions, heuristic methods, debugging of artificial 
intelligence programmes with the intention to ‘teach’ the computer, 
automatic programming, spoken word recognition and man/machine 
dialogue in natural language, hardware and software of artificial 
intelligence, optical reading, algorithms of motion control and 
robots, physiological aspects of artificial intelligence.” 

Finally, still another point of view: 

“What does create the prospect of success in the field of 
automatic recognition of texts, automatic construction of proofs of 
theorems, machine solving of intricate problems, and producing 
self-contained robots? It’s not at all unlikely that the intellect will 
be studied layer by layer. We still know very little about our 
intellect. The human brain functions at various levels of mentality. 
Some of them can be readily modelled by dint of modern cybernetic 
means, the modelling of others invites difficulties. But there are 
layers which do not lend themselves to any formalization at all. 
This implies that certain domains of human intellect and 
self-cognition will remain inaccessible for cybernetic modelling and 
no automation of the thought process will be feasible in the 
foreseable future.” 
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The discussion about chess has taken a surprising turn recently. 
Some people argue that the high standards of chess playing, owing 
to which the arena of sixty four squares has become devoid of 
secrets, have turned the game into a battle of characters. Others say 
that mathematics and computers have so formalized the game that 
it has become now a matter of calculations; a living calculating 
“machine” who succeeds in calculating all possible moves during 
a game is always the winner. This creates the notion that chess may 
possibly be “cybernetized” before long. 
Nevertheless, the question what is chess—sport, art, or science? 
stands now as it has always stood. Also the problem of playing 
chess by a machine is debated now more frequently than ever 
before. 

What is the general feeling in this respect? You may get some 
idea about it after considering the answers to ten questions asked 
by this author. 


Question One: What is chess? 

“Some time in the past chess was just a game. Gradually 
it won a large audience. Numerous enthusiasts have learned 
to enjoy its beauty, great masters have appeared on the 
scene. After that, chess ceased to be just a game. When 
a match is played which remains in the limelight for years if not 
decades, then chess becomes an art.” 

Mikhail Botvinnik, Grand Master 


“Chess does not strive to replace science, though the logic 
of the chess way of reasoning brings it close to science. Chess 
is a battle of characters.” 


Vasiliy Smyslov, Grand Master 


“You ask what is chess—sport, art, or science? As far as 
I am concerned it is sport, art, and science. But modern 
chess is, above all, sport, of course.” 
Anatoliy Karpov, Grand Master 


Question Two: How do you picture a modern Grand Master? 
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“No summit of perfection is achievable in modern chess 
unless you are versatile.” 


André Lilienthal, Grand Master 


“What an outstanding chess player needs most—apart from 
talent—are character, specific training, and an agile nervous 
system of great endurance.” 

Mikhail Botvinnik, Grand Master 


Question Three: What new trends have appeared in the game 
of chess? 

“There were times when the main target during a game 
was the king. Nowadays, the effort is aimed at scoring 
points, and the attack is launched mainly against the queen. 
An inventive game is a rarity in our times.” 

David Bronstein, Grand Master 


“As far as modern chess is concerned, a tendency towards 
pragmatism-which isn’t a very agreeable thing—is taking 
shape.” 

Mikhail Tal, Grand Master 


“In recent times when science is advancing with six-league 
strides, the breath of scientific thought has a great effect also 
on chess.” 

Vasiliy Smyslov, Grand Master 


Question Four: Is it possible to gear chess to automation? 
“No mathematical theory of playing chess exists now or 
will ever be developed in the future.” 
Henri Poincare, mathematician 


“T’ve been somewhat interested in the problem and I’m 
sceptical that an ‘electronic’ player can be developed which 
will be as good at chess as a man, or even better than 
a man.” 

Tigran Petrosyan, Grand Master 


“Chess has been invented by man from A to Z. Inherent 
in the game is a creative element which is always personal 
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and can’t be standardized. The game of chess and chess 
cybernetics are incompatible”. 
Mikhail Tal, Grand Master 


“I feel that the problem will be solved if we endeavour to 
produce a machine ‘in our own image’. The way an expert 
chess player plays the game should be inculcated in the 
‘artificial player’, the machine.” 

Mikhail Botvinnik, Grand Master 


Question Five: How does a machine play chess? 

“The computer itself lacks any metrical conceptions and 
therefore needs a detailed description of the methodology of 
the chess-board.” 

William R. Ashby, Professor 


“The machine should be provided with heuristic methods 
that would enable it to pick the right move out of a number 
of moves that deserve attention. It’s also practical to 
substitute a tactical subgoal for the goal which consits in 
discovering an all-around best position. Holding out a special 
promise are the programmes that envisage the checking of 
only a few hundred positions and are capable of carefully 
analysing the moves chosen.” 

Marvin L. Minsky, Professor 


“The Pioneer chess-playing programme commits almost all 
computer resources to the exclusion of the obviously poor 
moves instead of checking them. It leaves for the analysis 
only the moves which hold out a promise. By analogy with 
an expert chess player, the Pioneer’s tree of exhaustive search 
contemplates a few dozen moves only.” 

Mikhail Botvinnik, Grand Master 


“Our algorithm is based on the concept of a ‘travelling 
barrier’ which handicaps the freedom of the enemy king’s 
movement as much as possible... We also use the so-called 
‘chess-board relief—a mathematical term which defines the 
degree of the enemy king’s mobility. The centre of the 
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chess-board is assumed to be the summit of the relief and 
the edges form its base. Manipulating with the ‘travelling 
barrier’, we compel the king to descend from the summit to 
the base, gradually reducing its position.” 

Nikolai Yanenko, Academician 


Question Six: What were the results of the man versus 


computer contest? 


“To be frank, we can’t but blame the machine for an 
inexcusable miss of a pawn due to the seventh move and the 
loss of the game after the twentieth move. We criticize the 
computer during the analysis of the game totally neglecting, 
however, the fact that even its short resistance to the assault 
of a human intellect is a tremendous victory of the designer’s 
intelligence.” 

V. Panov, International Master 


“Consider a computer (white) versus man (black) game: 

1. e4 e5 2. Ktc3 Ktf6 3. d4 Bb4 4. Ktf3 d6 5. Bd2 Ktc6 
6. d5 Ktd4 7. h4 Bed 8. a4 Kt: f3+9. gf BhS 10. Bb5 + c6 
11. dc 0-0 12. cb Rb8 13. Ba6 QaS 14. Qe2 Ktd7 15. Rgl 
Ktc5 16. Rg5 Bg6 17. BIS Kt:b7 18. 0-00 Ktc5 19. Bc6 
Rc8 20. BdS B:c3 21. B:c3 Q:a4 22. Kd2 Kte6 23. Rg4 
Ktd4 24. Qd3 Ktb5 25. Bd3 Qa6 26. Bc4 Bh5 27. Rg3 Qa4 
28. B:b5 Q:b5 29. Q:d6 Rd8” 


I. Linder, chess historian 


“The world’s first game of the computer against a Grand 
Master unfolded along the following lines. 


Grand Master Bronstein vs Computer 
King’s Gambit 

1. e4 eS 2. f4 ef 3. Ktf3 Ktf6 4. eS Ktg4 5. d4 g5 6. Ktc3 
Kte3 7. Qe2 Kt: fi 8. Kte4 Kte3 9. Ktf6+Ke7 10. Bd2 
Kt:c2+ 11. Kf2 Kt:al 12. Ktd5 + Ke6 13. Qc4 b5 
14. Kt:g5+Q:g5 15. Kt:c7+Ke7 16. Ktd5 + Ke6 17. 
Kt:f4+Ke7 18. Ktd5+Ke8 19. Q: c8+ Qd8 20. Ktc7 + Ke7 
21. Bd4+d6 22. B:d6+Q:d6+ 23. Q8 x 


We 
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“The beginning was played in accordance with the latest 
recommendations of the theory of chess and as advised by 


young programmers. The move 13 Qc4 b5 was the 


culminating point. Displeased by the White queen’s move, the 
Black pondered over the next move so long that they had 
exceeded their time. It was a shock for them. The referee, 
who was also the chief programmer, was about to put off 
the game but I, fearing that they would analyze the game at 
home, lodged a protest. 

‘May I have just one minute more? I’ve got it! You'll be 
checkmated in ten moves! My move is 14 Kt:g5+. 
‘Don’t hurry! Grand Master’, the referee said. “Take your 
move down and put it into the envelope. We have to obey 
FIDE rules.’ 

The telephone rang the next morning at 7:30: 

‘Congratulations, you are the winner,’ a squeaky electronic 
voice said. On pausing, it added: ‘Anyhow, Ill win if you 
play without the queen. You can go back now to your living 
chess. But keep in mind that we’ve made a one to one 
draw.’ 

David Bronstein, Grand Master 


Question Seven: How do chess-players rank the computer’s 


ability? 


“You want to know whether an ‘electronic grand master’ will 
ever be created? Some people believe that this venture will be 
a success, others think that it will be a failure. Moderates say: 
‘An electronic grand master is hardly a reality, but a first-class 
player can be made.’ This sounds less impressive of course.” 

L. Shamkovitch, Grand Master 


“In Western Europe, much attention is being paid to 
developing ‘the electronic grand master’. I myself 
participate in formulating scientific principles of computer 
technology, in designing hardware and putting it to useful 
purposes. Nevertheless, I’m sceptical about the idea of such 
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a ‘grand master’. The computer’s potential does not go 
beyond playing chess only satisfactorily.” 
Max Euwe, Grand Master 


“When I was reading the literature about ‘electronic 
chess-players’, I realized that people at a chess-board 
reason in a quite different way than scientists had pictured, 
and that their reasoning sequence had never been studied, 
neither in the course of a game nor even during the 
search for a move.” 
David Bronstein, Grand Master 


Question Eight: What were the results of computer versus 


computer chess tournaments? 


12—222 


“The contestants of the world’s first chess match played by 
computers for almost a year were the two major schools of 
chess, the Soviet and the American. The authors of the 
Soviet programme were the mathematicians 
G. Adelson-Velsky, V. Arlazarov, A. Bitman, A. Zhivotovsky 
and A. Uskov. The American programme was constructed by 
a team of Stanford University mathematicians led by 
J. McCarthy. The match consisted of four games; two of 
them were won by the Soviet programme after the nineteenth 
and fourty first moves, and two games ended in draws. It 
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was particularly interesting to watch the third game which 
brought a convincing victory to the Moscow programme. 
Nevertheless, the winner’s competence must be judged with 
much reserve, for the American programme was indubitably 
weak. I’m not convinced that the victor may be ranked 
a second-category player. You ask whether the machine can 
be taught to play chess better? That’s doubtless. I look 
forward to a programme which will defeat a grand master.” 
Mikhail Botvinnik, Grand Master 


“The American mathematicians from Stanford invariably 
relied on the same programme. We used a programme for 
the first and second games but switched over to another 
programme, a more elaborate one, during the two 
concluding games. Thus, we can say that it was more 
a contest of scientific concepts than a sporting event. We 
had agreed with the Stanford people on the procedure; no 
game would be continued after the fortieth move. Neither 
we nor the Americans have succeeded in solving the 
intricate problem of programming the end of a game yet.” 

A. Alikhanov, Academician 


“World computer championships in chess take place 
every three years. Taking part in them are nations which 
have embarked upon studying the problem of 
programming chess. The first contest took place in 
Stockholm in 1974; a Soviet programme named ‘Kaissa’ 
was then the winner. The second world championship was 
held in Toronto in 1977. There the ‘Chess 4.6’ programme 
developed in the USA triumphed.” 

Mikhail Botvinnik, Grand Master 


“It’s regretable to confess that computers play chess 
better and better from year to year.” 
Max Euwe, Grand Master 


Question Nine: Wouldn’t computers play out all the possible 


games in chess? 


“The total number of positions into which the thirty two 
pieces can be placed on the chess-board is expressed by 
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a fifty-two digit number: 7 534 686 312 361 225 327 x 109°. 
It’s spelled out as 7 534 octillion 686 312 septillion 361 225 
sextillion 327 000 quintillion.” 


Richard Shurieg, mathematician 


“The ten beginning moves in chess have a total of 
1 695 188 229 100 544 x 10! versions. To make them, 
mankind would need to play chess 217 billion years 
without a break.” 
A. Chernota, chess theoretician 


“There are 2 x 10'!® versions of chess matches. This is 
incomparably greater than the number of electrons in the 
universe. To play them, a period of 10'°° centuries would 
be required, provided a move is made every second day 
and night.” 


A. Kraichik, mathematician 


“Game versions are so numerous in chess that neither 
the brain nor the computer can check them within an 
interval of time commensurable not only with the life span 
but with the history of mankind. Only a computer with 
a mass equal to that of several solar systems could cope 
with the problem within a practically acceptable period. 
The conclusion is that chess is an inexhaustible game.” 

William R. Ashby, Professor 


Question Ten: What is the future of chess? 

“The computer must excel the grand master. This implies 
that two world championships must be played, one for grand 
masters and the other for computers.” 

Mikhail Botvinnik, Grand Master 


“Imagine a situation when the player evaluates the 
disposition on the chess-board and the computer checks all 
possible versions. Would any grand master be in 
a position to stand up to such a chess tandem?” 

V. Glushkov, Academician 


“The time will undoubtedly come when computers get the 
upper hand of world champions in chess. 
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Nevertheless, the game will continue to exist as both an 
entertainment and an occupation. Person-to-person contests 
will be rare events. Every person will know his sporting 
category and will strive to upgrade it by playing chess 
with his personal computer.” 

Arthur L. Samuel, Professor 


“My friends who are experienced chess players, generally 
believe that the days of chess as a game are numbered. 
They think that chess automata will attain the level of 
a master in ten to twenty five years. After that, people will 
lose all interest in chess as a game, provided the effective 
yet machine-tinged methods of the Russian school enable it 
to survive that long.” 

Norbert Wiener, Professor 


“I wouldn’t say that there is a real danger for chess to 
pass away as a game. It’s a delusion to believe that the 
intelligence of a master differs from the way a layman 
plays chess only by the master’s wits to calculate the 
moves in advance. Any attempt to produce therefore an 
automaton that would calculate twenty to hundred moves 
beforehand, would only be beating about the bush.” 

Vasiliy Smyslov, Grand Master 


The world ex-champion in chess and Grand Master 
Vasiliy Smyslov stands firm in his convictions. A proof to that end 
is his letter to this author: “I’m very pleased indeed that the 
creative genius of the human intellect has the last word in the 
chapter “Machines at the Chess-Board.” 
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It must be confessed that the encroachment of cybernetics upon 
certain spheres of human activity which seem to be totally foreign 
to it would hardly surprise anyone now. The “omnivorous” tendency 
of cybernetics has persisted with an ever-increasing obviousness 
throughout the years of its existence. It has now virtually a finger 
in ever pie where communication and control are involved. 

Cybernetics now puts up a good fight for the relations between 
people in the abstract sense of the word and for setting up contact 
between individuals and between communities. Problems concerned 
with morality and ethics have been represented in symbolic form 
and programmed into the computer. Such experiments are neither 
new nor have they yielded final results. Therefore we conveniently 
classify them as “unsolved problems”. 

But is there any sense in tackling these problems in terms of 
cybernetics? Specialists themselves are sceptical about sociological 
analysis and forecasts. Life is complex and it is difficult to tell the 
subjective from the social, to take into account all the multifaceted 
occurrances. Also, the research methods lag behind the requirements. 

The jewelry made in the aul (village) of Kubatchi, Dagestan, 
has acquired world-wide reputation. It saved the villagers from 
slavery numerous times, the invaluable adornments, household 
utensiles and weaponry being the ransom they paid to the invaders. 
A legend tells of a link between the masterpieces of Kubatchians 
and faraway France. It claims that French emigrants founded the 
aul. As a matter of fact, the local dialect sounds somewhat 
French. 

A mathematical model constructed by scientists and analysed on 
a computer has shown that the legend is a fake. The Kubatchian 
art originated in the mountains of Dagestan roughly during the 3rd 
century AD. 

Numismatists have compiled voluminous catalogues of ancient 
coins unearthed in northern maritime areas of the Black Sea. The 
catalogues provide a host of valuable information such as the site of 
discovery, the origin of coins, their material, rate of exchange and 
the like. But it’s beyond the compass of human ability to process 
all this information in order to come to certain conclusions of 
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historical and economical value. The computer, however, is in 

a position to furnish the historian with a numismatically derived 
theory that sheds light on the economy of this part of the ancient 
world, on its trade and cultural ties with other countries. 

Historians know a lot about the early settling of America. This 
applies not only to factual information but to data furnished by 
anthropology, paleography, ethnography, linguistics and other 
disciplines. Computers help to sort out and correlate the available 
information with the result that scientifically validated theories 
replace doubtful hypotheses. Machines have become an effective tool 
for piecing together billions of diverse facts that are said to be the 
bread and butter of science. 

Does all this mean a computorized study of history in the strict 
meaning of the word? Of course not. It’s only the application of 
a high-speed machine in solving a definite specific problem. The 
machine is employed exactly in the role it is assigned for—a speedy 
and abstract manipulation of an abundance of data, a task which 
man cannot handle. When we speak about “the past to be judged 
by machines” we have in mind something else. It’s the subject 
matter of science or, in other words, history, the course of historical 
events. This is much more of a problem. 

Speaking about a cybernetic approach to history, the point is 
not to formalize history, to represent the past in a symbolic form 
acceptable for the computer. The problem is more delicate and 
deep-rooted. Emphasis is placed on applying various methods of 
processing mass quantities of data that have been acquired from 
various sources and constructing mathematical models of certain 
events. These models provide the historian with hypotheses which 
require verification from profound scientific studies. 

Everyone knows that history is not as exact as mathematics. 
Moreover, historical conceptions are revised time and again. You 
may say that all sciences revise their findings. But in history this 
takes place with a striking frankness and more frequently than in 
other disciplines for reasons unknown. The Russian revolutionary, 
author and philosopher Hertsen wrote that every time we look back 
on the path covered we cast light on it from a different angle, 
because fresh ideas based on new developments and on facts from 
new history are added to those which have been known. 
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History is a science concerned with a continuous process. 
Everything that takes place today is a historical fact tomorrow. 
Events can be evaluated from diametrically opposite points of view. 
The explanation is that the persons exercising judgement have either 
different social affilations or they change their opinion. The 
discrepant appraisals of personalities and events associated with the 
rule of Ivan the Terrible provide a convincing example of this. 

But this is only part of the trouble. Unfortunately, many facts 
remain unknown in spite of the discipline of history’s venerable age 
and the vast knowledge it has accumulated. If only history were 
a continuous chain of events with all the links in their places! Alas! 
The chain is broken here and there, and numerous blank spaces 
exist on the colourful map of history. This creates a difficulty in the 
cybernetic approach to history. 

There is also another difficulty. The historian is said to be 
deprived of experimental studies. Today it may be true, although we 
have seen that he can check every historical fact on the computer. 
It’s not at all unusual in history that different sources provide 
discordant if not contradictory versions of the same event. The 
historian is thus given an opportunity to verify every version of the 
events as they are accounted for in the chronicles which bridge the 
gap between the past and present. 

In physics events may recur. And what about history? In fact, 
it’s a history of people. No person can be an exact replica of 
another person. People only resemble each other. Therefore, no 
event can recur in history, it can only resemble another event. 
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Cybernetics’ recent potentialities have grown immensely. It can 
do a lot of things now. But even the most fervent advocates of this 
science would hardly dispute the fact that historical reality is so 
complex and varied that it can’t be confined to the bounds of 
mathematical formalization. 

I deliberately pointed out that the historian cannot experiment 
now. But the situation may change by tomorrow. The headway 
made in other sciences may open up broad vistas for history. 

The methods of data acquisition and processing may radically 
change. Information retrieval systems and mammoth historical data 
banks will be put into operation for amassing historical knowledge. 
Tedious hunting for documents will not be required any longer. 
Magnetic tape libraries will revolutionize archives. The historian’s 
task will boil down to correlating and analysing historical facts. 
Mathematical models and the so-called simulation systems will be of 
great assistance in this respect. 

.Experts in modelling say that the simulation of historical events, 
the opportunity to see into the things which are not influenced by 
a personality and its decisions but are an objective necessity is on 
the agenda. They promise to model not only separate battles but 
entire wars and plan to construct models which simulate military 
and economical aspects of epochs. 

Cyberneticians commit themselves to turning history into a test 
ground that would enable historians to learn lessons for the present 
and future. 

It looks like there will be many changes in the study of history. 
Nevertheless, the main hindrance of applying cybernetics to historical 
events remains unshaken. It’s the social essence of the science. 

What do we mean by this? It’s not only our attitude towards 
the things a scientist has created by virtue of his brain and hands. 
In history, we appraise both the work of a scientist and the social 
standing of the personality who is the motive power of history and 
the object of scientific study. Therefore, the past is always evaluated 
in terms of its social essence. Unfortunately, social essence is not 
a cybernetic conception, historians say. The class consciousness in 
history cannot be expressed mathematically so far. 

The conclusion scientists have arrived at is unambiguous: “In 
spite of some hopes that the correlation between historical events 


Vorel Is the Past to be Judged by Machines? 


might lend itself eventually to formalization, it is hardly imaginable 
that the social content of historical experience might be expressed in 
terms of mathematics.” 

The historians’ anxiety is reasonable and appreciable. The 
prospect of defining the social essence of historical realities in terms 
of formulae is hardly imaginable, if possible at all. 

However, Norbert Wiener believes that the feasibility of 
a cybernetic approach to the moral problems of an individual has 
been convincingly proved in his works. The applicability of 
cybernetic concepts to ethics has been considered as well. This is 
the cybernetics of society and humanity. 

So, even such an authority as Wiener declares that there is no 
problem. Where, then, do the “unsolved problems” come from? The 
explanation according to Wiener, is that in social sciences we deal 
with short statistical series and cannot be convinced that we haven't 
invented a good part of our observations by ourselves... We are too 
well disposed towards the object of studies to be an effective 
scientific probe. In short, irrespectively of whether our studies of 
social sciences are dynamic or static, although they must be both, 
they can only be accurate to within just a few decimal digits and 
will never yield as much valuable information as we are accustomed 
to acquire from the studies of natural sciences. We cannot afford to 
neglect social sciences or overestimate their potentialities. But we 
must give credit to the “nonscientific” narrative method of the 
professional historian, regardless of our approval or disapproval. 
This is also Wiener’s point of view. 
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edMipaat: 

That’s the title of an article by Professor V. Kudryavtsev, Associate 
Fellow of the USSR Academy of Sciences and a leading authority 
on a cybernetic approach to law. There are no doubts about the 
author’s intentions. He writes: “It is our aspiration that justice, 
humanism, inevitability, truth and other legal concepts are based on 
indisputable data and are therefore as exact as the concepts of 
mathematics, physics, and chemistry.” 

This may give one a good reason to frown. A few pages earlier, 
I vaguely speculated about “the past to be judged by machines”. 

I even put a question mark in the title. And now... Don’t justice, 
humanism, inevitability, truth and the like have social essence in the 
life of individual or community and in history as well? 

Law is intolerable of liberties, and the problem raised is 
a delicate one. Therefore, I'll refer to Professor Kudryavtsev once 
more. Let’s look at his point of view; was he earnest in his appeal 
“Pass judgement, machine!”? 

Law is a branch of knowledge which regulates human 
behaviour. Cybernetics is a science concerned with the control, 
regulation and self-regulation of intricate dynamic systems, as one of 
the most popular definitions states. It goes without saying that 
lawyers spare no effort to regulate the behaviour of people 
effectively and consistently. Precisely worded and scientifically 
validated findings which leave no room for ambiguity are required 
in legal practice much more than in any other field. Cybernetic 
methods hold out a special promise in this respect. 

Academician A. Berg also thinks that “If we take into account 
that jurisprudence is concerned with the conduct of a person who 
mingles with a lot of other people in a variety of different 
situations, and that it examines actions which are induced by given 
reasons then, we must conclude that there is every reason to apply 
the science based on the studies of probable mass phenomena.” 

In any country, there is a legion of laws, decrees, codes and 
other legal regulations that are in force at any given moment. This 
is no slip of the pen, it’s a fact. No lawyer can name their exact 
number. Legal information ranks second to none in terms of 
abundance. In France alone, for example, two million verdicts and 
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up to four million other legal proceedings were registered annually 
up to quite recently, apart from over seventy million new documents 
which were needed for updating and correlating the eighty million 
other writs that had been issued before. 

Is there any way of keeping such an immense body of written 
material in shipshape order, free from intrinsic contradictions? 

A team of lawyers and mathematicians led by Professor D. Kerimov 
from Leningrad have studied various aspects of law by means of 
symbolic logic, using a computer. Professor Kudryavtsev refers us to 
their experiments. 

Various laws concerned with the same legal issue were tested 
for contradictions and ambiguous formulations. It turned out that 
legal narrations can be packaged into a laconic symbolic form free 
from ambiguities and repetitions. 

This creates the prospect of setting up specific cybernetic 
systems for amassing legal information in practically unlimited 
amounts and retrieving any part of it in response to any request. 
The information can be logically systematized by countries, historical 
periods, bodies of law, sources of law and methods of implementing 
law. An inherent ability to retrieve data from several systematized 
files at a time renders such systems capable of printing out 
exhaustive legal synopses. 

In the future a specialized information retrieval centre will store 
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a tremendous amount of legal regulations and records of the 
lawsuits which have a precedential value. It will “take stock” of the 
valid juristic documents from time to time in order to find out 
whether they are still relevant and consistent with recent acts. The 
centre will be linked to all law courts and other legal offices to 
provide them with all the necessary information at any time. 

A service of this kind is badly needed. And not by lawyers 
alone. Such a centre would make the law more accessible to the 
public at large. Most of us aren’t experts in law. Hardly anyone is 
disposed to read law codes rather than a novel or a book of verse 
in his spare time. And can you imagine how fantastic it would be 
to lift the receiver and get information within a few seconds on 
what is counter to, and what is—to your relief—in accordance with, 
the law. Legal ignorance often creates a notion about a multitude of 
limitations which may in fact be inexistent. 

That’s all very well and good, the reader may say, but that’s 
not a novelty and I'm fed up with it; every time cybernetics faces 
a problem it easily circumvents it with the aid of the 
data-processing computer. But the “Pass judgement, machine” issue 
is a far cry from computers of this kind. 

Isn’t it feasible to produce a machine like the one conceived by 
a character from Stellar Diaries of Iyon Tikhiy by the fantasy author 
Stanislav Lem? You may probably recall: “You have to build 
a Machine for us that reasons strictly logically, is absolutely 
objective and knows neither doubts nor fears... Let the Machine be 
as impartial as the light of the sun and stars.” 

As impartial as the light of the sun and stars... Everyone 
would comment that such a machine would be an unbiased judge. 
Furnished with a programme that takes into account the 
proceedings of a trial, all the evidence, the arguments of the 
counsels for prosecution and defence, the testimonies of witnesses, it 
would print out the sentence. 

If it were so ... Unfortunately, law-administering machines 
appear so far only in sic-fi novels. This applies, for example, to 
W. Brebner’s Trial by Machine where an entire city is ruled by 
a computer. But what is the actual state of affairs? For all the 
computer’s objectiveness, would a computorized sentence be fair? 

Experts in computer technology point out that the machine can 
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fathom neither the defendant’s remorse nor the sincerity of his 
testimony. Slipping the machine’s attention are the faint emotional 
shades that give the court reason to either mitigate or harshen the 
punishment. 

Then what is cybernetics’ actual role in legal science, legislation 
and the administering of law? 

Consider a few examples. Apart from legal data processing, 
computers are assigned to cope with pension schemes and solve 
problems arising from interpreting pension laws. Lawmaking practice, 
social and legal statistics have been geared to the computer. 
Miscarriages of justice are analysed with the aid of cybernetics, and 
programmes of improving the business efficiency of law courts and 
public prosecuters’ offices with the aid of cybernetics are afoot. 

Attempts are made to tackle the problem of the so-called law 
court theory, which would define the man/machine/man relationship 
on the level of a human community. 

However, by analogy with history, we cannot neglect the 
difficulties of social content. The machine accepts, as this was 
already stated above, formal logic only. But in legal practice no 
strayings from the essence of a fact is tolerable. Therefore, a world 
of links and shades exist in every case. Formal logic is, however, 
impotent in the face of subjective infinity. 

The ruling of a court which pronounces, for example, 

a marriage null and void can be apparently recorded in a symbolic 
form as can be the legal background of the ruling. Combinations of 
symbols can also be used to represent various situations from real 
life. All the more that statistics show that the reasons for divorce 
have a certain pattern of recurrence. So, for example, drunkenness, 
cruelty, adultery and desertion accounted for three quarters of the 
fifteen thousand divorce cases in which wives went to court against 
their husbands in Czechoslovakia during 1960. In the law suits 
where wives were the defendants, the cause of the divorce was more 
or less the same; adultery accounted for over half of the cases. 

But any similarity between intricate human conflicts is in fact 
an abstract one. In real life, adultery may have so many different 
shades that it is sometimes a problem to classify adultery as an act 
of unfaithfulness. This is still outside the compass of the computer’s 
ability. 
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A legal proceeding consists primarily of two parts: the hearing 
and the sentencing. The machine can obviously systematize the 
results of interrogations, contrast and logically analyze testimonies in 
order to find out possible contradictions or lack of evidence. It will 
thus relieve the judge of certain pressures, eliminate all possible 
errors and speed up the proceeding. 


79 THE FINAL JUDGEMENT BELONGS TO MAN 


It is no secret that the press functions as a match-maker in many 
countries now. The computer has also entered this delicate field of 
human relations. “Electronic match-makers” are a commonplace. 
Persons with matrimonial inclinations fill out special forms, stating 
their age, education, tastes, habits, eye-colour, financial standing and 
the like, along with the requirements the would-be match should 
meet. 

A punched card with all these data is fed into a computer 
which is assigned to find a bride or bridegroom who meets all the 
requirements. The results of a medical checkup made in advance are 
also sometimes entered into the computer. 

Every punched card averages about eighty questions. But that’s 
not the limit. The priest named Lemuell Conway requested 
Marrytronics Co. to find him a bride satisfying over seven hundred 
requirements. The widow Gladic Quiver picked by the computer was 
a lucky choice for the priest. 

To answer even eighty questions is a problem. An immense 
search is required to provide an optimum recommendation. 
Matrimonial mediation is troublesome and difficult even for the 
computer. It’s no wonder that an IBM-1410 computer installed in 
Zurich couldn’t join in matrimony more than fifty couples in three 
years, although it advised over a thousand males and fifteen 
hundred females on this matter. 

The fees in the computorized match-making business of the 
Western world reflect its profit-greedy tendencies. Girls are charged 
more than boys because they are in surplus. Those with a child 
must pay a surcharge. Women with vital statistics below standard 
pay a triple fee. No one would stand on ceremony towards the 
women who are Roman Catholics; a divorce is difficult for them, so 
they could be charged at will. To disregard human feelings, 

a special device can be turned off on the computer for an extra 
charge so that it will take only social and geographic aspects into 
account. 

Be this as it may, but the use of computers in such a way, the 
commercialization of matromonial affairs so that they are deprived 
of mutual affection and mutual attraction and rely upon the flick of 
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the key which turns off the feeling-monitoring means has in our 
view nothing in common with real marriage. It’s just an 
arrangement. 

An approach by which the computer is employed in an 
advisory function rather than in a matching one seems to be 
practical, as this has been proved by Harvard University students. 
Ninety thousand young people from all parts of the USA applied to 


the computer in nine months after the service had been inaugurated. 
Every person who had informed the computer about his or her 
biography and interests received five names with addresses some 
time later. This information helped young men and women to get 
acquainted. After that, they managed things on their own and in the 
usual way. 

Note that everything must go on in its usual way. Marriage 
isn’t a must, no matter how well people may suit one another. “It’s 
not our intention to provide a substitute for love”, attendants of the 
“electronic adviser” say, “we endeavour to make love more complete. 
We cater to everything except sparking off love.” 

This is a different situation: a man makes a decision on the 
basis of a computer’s advice and with due regard for his own 
feelings. The computer doesn’t press for marriage; it only provides 
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information which strengthens the ties of acquaintance, for people 
are better informed about each other. 

It will be noted that now the computer submits its 
recommendation to human approval. People have the last word, not 
the machine. You may say that the computer’s specialization is very 
narrow and its task very specific in this case. It just assists in 
establishing an acquaintance by correspondence. But may I point 
out the positive psychological effect of applying to the machine and 
waiting for its answer for a given period: people prepare themselves 
for marriage. 

We may thus conclude that the recommendations of a computer 
are helpful insofar as they eliminate many difficulties in establishing 
acquaintances and put the would-be couples on the right track. 

Let’s now take a look at the situation in the Soviet Union. It’s 
the statistician’s turn to elucidate the problem which, as the reader 
might have guessed already, we are going to discuss. 

Unmarried men between 18 and 60 total several tens of 
millions. Single women outnumber them. That’s quite a lot. It can 
be assumed that they all want to get married. It can also be 
assumed that any inveterate bachelor who decides to settle down in 
life as a married man can theoretically get acquainted with millions 
of single women before he finds one who suits him. That’s not an 
easy task! But what are the practical prospects? 

Where can people get acquainted? A statistical survey has 
shown that 27.2 per cent of married people had met each other at 
places of entertainment and 21 per cent at work; 9 per cent knew 
each other since childhood; 5.7 per cent had met at parties; 5.2 per 
cent became acquainted while on holidays. The acquaintanceships by 
way of relative ties, at hostels, in public transportation, in the street 
and elsewhere account for a low percentage. 

Thus, the choice of the places which offer the promise of an 
effective acquaintance is very small. Almost half of the 
acquaintanceships which culminated in marriages had originated 
either at work or at places of entertainment. This means that the 
chance to meet a spouse for people whose work companions are 
prevailingly of the same sex is extremely low. The same applies to 
the members of communities which are predominantly feminine or 
masculine (as, for example, in the textile-producing regions or in the 
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Arctic, respectively), for the audience at places of entertainment is 
also unisex there. Incidentally, sociologists say that the geographical 
factor decides the choice of a spouse to a considerable extent. The 
odds that a girl from Kishinev would marry a young man from 
Ulan-Ude are against her. People from the same community or 
neighbourhood often marry. 

Professional occupation is another factor which influences the 
establishment of prenuptial associations. Statistics indicate that most 
couples and their relatives belong to the same profession. 

What is the average period of prenuptial acquaintanceship? 

A period of just a few days has been recorded in 3 per cent of all 
marriages and one of up to six months, in 9 per cent. Courtships 
lasting for a year have preceded 5.6 per cent of weddings and for 
two years, 23 per cent. Couples who dated for up to five years 
account for 14 per cent. But the record-breaking period which has 
culminated in 26.6 per cent of marriages is one of between two and 
three years. 

Note, that only 17.6 per cent of married couples ventured to 
enjoy wedded bliss after knowing each other for less than a year. 
The rest were hesitant about binding themselves with the ties of 
Hymen at least for a year, or even longer. Practical experience thus 
shows that there is no reason to be afraid of the “electronic 
adviser”. It doesn’t press for rushing to the altar. An interval of 
a duration corresponding to the above percentages will always exist 
between getting acquainted and getting married. 

I beg you to excuse me for my indulgence in statistics, but is 
there anything more convincing than numbers? 

What is the main prerequiste of a lasting marriage? Love or 
love with confidence and sincerity and the sharing of the same 
views was given preference by 76 per cent of the persons questioned. 
Equality and mutual respect was the answer in 13.2 per cent of 
cases. Love and an apartment were all-important for 4 per cent; 
love and money, for 1.6 per cent; children, for 0.6 per cent; and 
a realistic approach to life, for 0.2 per cent. The persons who 
couldn’t give an answer accounted for 4.2 per cent. But this doesn’t 
mean that they were indifferent to the question. Each of them could 
turn out to be either a “moralist” or a “materialist”. 

A poll among young people of both sexes has shown that 98.5 
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per cent of them hold love or love backed by friendship and mutual 
respect as the mainstay of family happiness. 

It is thus evident that an overwhelming majority of prospective 
wives and husbands wish to start families on the basis of common 
views, confidence, sincerity and other conceptions which involve 
reciprocity. They don’t have in mind just one concept but want to 
rely on an intricately interwoven system. That’s why most people 
“srind in” for a year or even longer before getting married. 

What are the matrimonial statistics and how durable are 
marriages? In spite of the fact that the available data are scanty, 
they can cast some light. 

Marriages are abundant in this country. They total six thousand 
five hundred per day. That makes two and a half million per year. 
In other words, there are 10.7 marriages per thousand of the 
population, as compared to 9.4 in the Federal Republic of Germany, 
10.1 in the USA, 7.3 in Great Britain, 6.9 in France, 6.1 in Italy. 

The divorces, on the other hand, increase alarmingly. 

The trend is especially notable in large cities. Dissolved during 1974 
were 35 marriages out of 100 in Gorki, 38 in Minsk, 44 in 
Leningrad, 46 in Moscow, 49 in Kiev, and 53 in Odessa. 

In general, the number of divorces rose in this country from 
17.94 per 100 marriages in 1965 to 28.52 in 1974, that is by 60 per 
cent. During this decade, 12.5 million people had separated, but the 
number of divorces on record was only 6 271 918. The recorded 
divorces average two thousand per day. 

The record is sad, for on the average every third marriage ends 
in divorce. But there are places where this statistic is still higher. 
This applies, for example, to Riga and Magadan regions where 
dissolved were 55 and 73 marriages, respectively, out of every 100. 

What is the reason which brings about divorces? No 
straightforward answer exists in this case. The records of Leningrad 
City Lawcourt indicate that childlessness and physical dissatisfaction 
were claimed as the reasons for a divorce in 17 per cent of cases; 
adultery in 28 per cent; loss of feelings and incompatibility of 
characters in 21 per cent; desertion in about 17 per cent; 
imprisonment of the wife or husband in 3 per cent. Mismanagement 
of the family, cruelty, arguments over money OF apartments, and 
quarrels with relatives account for the remainder. 
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Evidently, the bulk of separations owe their origin to an 
obvious incompatibility of the wife and husband, to their failure to 
learn about each other beforehand and find out the traits which 
would unite them. 

Some couples may divorce after many years of happy married 
life. They are no concern of our’s. What we are interested in are 
the original provisions of a lasting marriage. Hardly anything else 
would serve this purpose as effectively as the compatibility of the 
would-be wife and hushand, their mutual respect and mutual love 
above all of course. 

The problem of divorces is a hard nut to crack. These 
heart-breaking “petty tragedies” have become an intolerably frequent 
occurrence; they have a detrimental social impact, bring about 
a spread of social ailments. 3 

Divorces can be coped with and marriages can be strengthened 
of course in a variety of ways. And, obviously, these are not 
confined to psychological, moral and social pressure. 

It’s not at all unlikely that the computer which commands 
a virtually boundless memory will assist the courting couples to 
soberly evaluate each other for the purpose of finding out whether 
they will be able to coexist and set up a model family. 

Unfortunately, much inertness still persists in the question we 
are now discussing. Sociologists so far give it little attention. 
Profound psychological studies are lacking and so are polls (though 
their usefulness is doubtless). None of the new scientific techniques 
and methods have been employed. 

In recent years, some progress has been, however, made. 
Scientific research councils have been set up at governmental and 
non-governmental levels to examine more deeply into the social and 
psychological aspects of matrimony. The Moscow Municipal Council 
has passed, for example, a resolution calling for taking steps to 
encourage the growth of the city’s population. Accordingly, 

a large-scale family assistance programme has been put into effect. It 
envisages to establish regional consultation centres which would 
advise on social, psychological and medical aspects of marriage, 
promote family consciousness and prognosticate the genetic 
compatibility of the persons who wish to get married. Other cities 
are also engaged in such activities. 
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The cybernetic approach may also appear to be of value. The 
computer could be employed not only as an adviser. It could 
furnish models of family life to those who contemplate marriage. If 
the computer tells us now whether a dam that exists so far on the 
drawing board will last for ages or collapse or whether an aircraft 
which is under development will fly or disintegrate in midair, then 
why can’t it be asked similar questions before two given individuals 
set up a family? 

It’s obvious that the model of a dam definable in terms of 
a definite number of variables can’t be equated with the model of 
a family characterized by practically innumerable parameters and an 
abstract social essence. 

People who have grown wise with experience think of married 
life as a web of difficulties, those of spiritual and material origin 
above all. That’s an indisputable fact. Marriage elucidates and 
subjects all human valuables, the me-to-we ratio to the test of time. 

The family resembles the state, for it is plagued by the same 
problems, only on a smaller scale. They are finance, housing, 
internal affairs (kinships with relatives) and external affairs 
(relationships with friends). This means that statemanship on the 
part of both the wife and husband is indispensable in normal family 
life. Scientifically-validated recommendations on how to tackle all 
problems in a wise, statesmanlike manner are needed now and so is 
the knowledge of the truths that can help to avoid mistakes. Inborn 
intelligence, keen practical insight and practical experience are 
claimed to be the only factors conducive to success in this respect. 
Science, cybernetics and the art of modelling are said to be of no 
avail. But wasn’t it science which ventured to tackle the problem of 
modelling an artificial intellect as if it were a less difficult 
assignment? 

Nowadays, when science has even uncovered issues concerning 
personal incompatibility, a comprehensive approach to any problem 
is a must. 

No one is surprised by the fact that the crew of a spaceship is 
tested for psychological compatibility in accordance with an effective 
programme and under simulated conditions of a space flight. To 
pass the test, every crew member must prove his ability for team 
work, for sharing the interests of his colleagues. The crew members 
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must complement each other. They can be of different character, one 
being, for example, gay and social, the other reserved and 
soft-spoken. But they must possess some common features: mutual 
respect and mutual confidence, readiness to take on any hard job, 
the sense of sharing equal responsibility and so on. 

Recent studies have shown that to select the members of even 
a small community—a self-consolidating and self-improving one 
which creates an atmosphere of team work~—is really a problem. The 
Western press carried reports which claimed that temperamental 
differences, different standards of ethics and the like had caused the 
dissolutions of astronautical crews. 

A disparity of characters has become, as you may recall it, 

a standard reason for divorce. This trivial formula may cause you 
to smile. But speaking in terms of science, the disparity of 
characters is nothing more than a psychological incompatibility. In 
other words, it looks like a family must be treated as a pair of 
cosmonauts who set out on a lasting and difficult mission ~married 
life. You will obviously agree that a spirit of friendliness and kind 
disposition towards each other must grow stronger from hour to 
hour and from day to day between the two persons who leave 
hand-in-hand for a journey that will last for years. 

This will hardly rise objections. Experienced folks are well 
aware of the benefits which are derived from reciprocal “grinding 
in” so as to become compatible biologically, psychologically and in 
all other respects. Compatibility is the cornerstone of marriage. 
Unfortunately, this fact still receives too little attention. 

There is, for example, no clear-cut answer to the question: 
which characters get along better together, similar or dissimilar? 

A quantitative approach may provide the answer. This means that 
we must find a method of evaluating the qualitative 
characteristics of a person or, in other words, learn to transform 
narrative psychological characteristics into numbers. 

This may pave the way for developing a technique that will 
provide for quantitative criterions enabling an objective 
self-evaluation and the matching of an optimum married couple. 
Perhaps man would then claim: “I know myself.” This knowledge 
may help him to pick a spouse without mistake. 

Among the population at large, males and females self-estimate 
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their personal abilities in different ways. Men as a rule overestimate 
their intelligence and physical appeal. Women are reserved in their 
self-estimates. Men hold women in greater esteem than women do 
men. But no similar data characteristic of the wife/husband attitude 
are available. At least I couldn’t find them. 

Everyone realizes that no hasty decisions should be made in 
contemplating marriage. I won’t conceal that I have my heart set on 
the use of the computer in its advisory matrimonial function. But 
I do realize that the installing of a computer at a “Bureau of Good 
Deeds” tomorrow is hardly practical. Moreover, I also believe that 
the problem requires careful consideration from the standpoint of 
both theory and practice without unnecessary emotions. 

Some positive sides of the “electronic adviser” have already 
been mentioned. Its disadvantages will also be pointed out 
sometime, straightforwardly and without prejudice. But when we 
are able to do so, the use of computers will not interfere with 
the moral and ethic standards of society. 

Sociologists claim that objective historical conditions indicate 
that marriage and family is a social institution which will last very 
long. We witness, however, that family relations are radically. 
changing now along modern lines, they are becoming more 
democratic. This process is unavoidable, yet controllable. 

But how can the control be exercised? Are the old methods of 
match-making and engagement effective in this case? New times may 
call for new songs, but the old ones are good as well... 
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The computer has one very useful advantage. You may entrust 
it with all sorts of things, even the most intimate ones, without 
anxiety and shyness. This is very important, for Professor 
P. Posvyansky believes that more than one half of all marriages are 
dissolved because of disharmony between wife and husband during 
intimacy. 

The suggestion of an electronic adviser may sound as 
embarrassing and frightening as the warning of an electronic 
diagnostician that an operation is imminent. It’s now routine 
practice to consult with an electronic diagnostician in all cases of 
congenial heart failure before surgery. 

Isn’t this an encroachment upon the principles of morale and 
ethic? But unlike the advice of a diagnostic machine which, as you 
may appreciate it, is an almost irreversible judgement, an electronic 
adviser provides a suggestion which you are free to accept or not. 

All the pros and cons should be carefully weighed before the 
final-word is said. Hypocrisy or unreasonable conservatism must be 
carefully avoided as well as groundless decisions. The point is that 
no advice of a computer should be substituted for love. Let us also 
render unto man the things which are man’s and unto the computer 
the things which are the computer's. 

Literaturnaya Gazeta published my viewpoint and discussed it 
for over half a year. Other Moscow papers followed suit eventually. 
A tide of readers’ letters to the editors was the response. They were 
diverse and sometimes very surprising. I wrote two reviews of the 
letters which appeared in Nedelya weekly and Moskousky 
Komsomolets daily. Some of their authors shared my viewpoint, 
others objected to it. Unfortunately, many of them overlooked the 
fact that I had always fervently upheld that no adviser could block 
true love once it has been born. I stress it once more now, it 
should be true love. Pravda’s remark about the discussion in 
Literaturnaya Gazeta pointed out correctly that “who doesn’t realize 
that only the deep, inspiring and ennobling feeling of mutual love, 
mutual confidence and mutual respect binds a man and woman with 
the ties of marriage and provides for real family happiness that 
knows no substitutes?”. 
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Complaints that studying grows more difficult from year to year are 
commonplace now. It’s a truism which raises no objections. The 
difficulty resides in the fact that the knowledge the student must 
acquire during a given period of time progressively increases in 
scope. Extensions of study hours or revisions of curriculae are 
temporary compromises incapable of offering an ultimate solution. 

A sharp increase in the effectiveness of teaching and 
a streamlining of the mechanism of acquiring knowledge are 
top-priority problems now. But how can they be cracked? 

We ignored to gear school to industrial engineering and 
neglected to master the scientifically-validated methods of teaching 
based on the most recent advances in cybernetics. Now it’s high 
time to make up for our mistake. Teaching undergoes modernization 
and its methodology turns into an exact science instead of being 
applied art. 

What does a teacher do during a lesson? He instructs the class 
in his subject and checks whether or not the pupils have 
comprehended the information. In preparing for a lesson, the teacher 
gathers information and formulates questions. This function lends 
itself to the so-called programming which consists in breaking down 
the lesson or a textbook section into a detailed sequence of items 
which are to be explained, each in a specified way. Provided such 
a programme is available, the computer can also instruct a class in 
a subject, ask recapitulation questions and give marks for the 
answers on the spot. 

True, the concept of programmed teaching is thought of as 
having a wider scope. An increased effectiveness of instruction via 
cybernetic methods of control is the main idea. Specialists intend to 
eliminate all major shortcomings in the theory and practice of 
teaching by studying the process as a system that readily lends itself 
to control and meets all the corresponding requirements. 

Programmed teaching is concerned with the curriculum, with 
the course of studies. Its other concern is the programming of the 
very process of teaching, that is of the conceptions the pupil should 
be taught during the course of studies. The way these conceptions 
are taught must be programmed as well. 


20? The Machine as a Teacher 


It goes without saying that such a comprehensive approach to 
the problem gave rise to numerous questions which required exact 
answers. How can the process of acquiring knowledge be modelled 
instead of the student/teacher/environment relationship as it appears 
to us? What do we know about the mechanism of teaching? 
Doesn’t programmed teaching mean an “invasion of robots”? What 
are the ways of increasing the effectiveness of teaching? What effect 
will programmed teaching have on the student? What was the 
motive behind the following comment made by a group of 
youngsters visiting the Soviet pavilion at the Brussels World 
Exhibition: “Please, produce a computer that will free us from 
studying.” 

Programmed teaching is a comparatively new venture. Naturally, 
no speedy solution of the problem can be expected. Time hasn’t 
come yet to dot the i’s and to cross the t’s. Therefore, let’s discuss 
the subject for the sake of learning something more about it. 

To prevent the reader from thinking that the problem is 
confined to theoretical speculations only, consider some of the 
hardware which has been developed for teaching applications. 

Foreign languages are mastered with the help of an electronic 
study aid named Repetitor (i.e. tutor). A succession of texts with 
some of the words being omitted appears on the screen with the 
flicks of corresponding keys. The student must fill in the missing 
words. If he makes a mistake, a red light goes on which signals 
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that the key labelled “PROMPTING” should be depressed. No 
prompting in the real sense of the word follows, of course, in this 
case. The machine is just urged to ask a few additional questions 
which will help the student give the correct answer. It brushes up 
his knowledge in this way. 

Another machine designed to teach the calculations commonly 
done on the slide rule is in operation at an engineering college in 
the city of Kharkov. 


The student is given a card containing theoretical data, a solved 
problem and a problem that he must solve. When he is through 
with the assignment, he punches the card number and the answer 
on the keyboard and depresses a pushbutton. The machine responds 
by signalling either “CORRECT” or “WRONG”. . 

If the answer is correct, the student is offered the next problem. 
The problems progressively increase in difficulty, and no further 
problem can be solved unless the preceding one has been coped 
with. 

If the answer is wrong, a light annunciator goes on with 
a number which indicates what material should be recapitulated in 
order to avoid the same mistake again. If a student does not 
manage to solve the problem after being given a number of helpful 
clues, then the machine switches off on its own accord as if 
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declaring that it can’t operate with him. Extra tutorial sessions are 
needed_in this case. 

The signals between the student and machine are repeated at 
the control desk from which the teacher can monitor and control 
the process. 

In higher education, the teaching hardware is likely to be 
employed in four areas: data processing, monitoring, instructing, and 
studies control. 

Plans are afoot to develop systems of hardware and software 
which take into account the student’s intelligence. New teaching 
techniques in sport, music, and medicine are under development. 

A method of recognizing handwritten texts at the instant they 
are being put down is tested which will be used to teach the deaf 
and blind. Dictations will be checked on the spot by the computer. 

A project to produce a computer that can speak and 
understand spoken words is under consideration. It will provide 
individual courses of study in various subjects to many hundreds if 
not thousands of students at a time. The computer will read the 
student’s manuscripts, listen to his reports, respond to his every 
written or spoken word without keyboards and control desks. 

Similar mini teaching machines may appear in schools in the 
wake of electronic calculators to assist kids in mastering the 
fundamentals of spelling, calculating, and pronunciation. 
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Video display computers might be developed in the not so 
distant future for use as teaching aids in physics. A panorama of 
the universe as seen from a porthole of a spaceship darting at 
a speed close to the velocity of light will unfold then on the screen 
in front of the pupil instead of curves and diagrams. The pupil may 
also be given a chance to crawl between the atoms of a crystal, 
viewing them from all sides. 

The use of large-screen computers as mass teaching aids is also 
being worked on. 

Electronic teaching aids might make their way into our homes, 
being connected to a nation-wide computer network. An audience of 
many hundreds and thousands of learners will then be served with 
the aid of two or three computers which will monitor studies at all 
stages, from class work to home assignments. Educational TV 
programmes relayed through communication satellites over extensive 
areas of our planet will assist teaching computers. 

But what will be the role of the teacher—the person who is in 
charge of education nowadays? I believe that there is no reason so 
far to be anxious for the future of the schoolteacher and the 
university lecturer. The progress in automated teaching is very slow 
and no revolution is imminent in pedagogy, at least not one due to 
cybernetics. The teacher’s role is strengthened, rather than weakened, 
with the advent of teaching machines. Programmed teaching doesn’t 
bring about any changes in the principles of pedagogy. It only 
permits a more effective application of the existing principles. The 
machine assists the teacher in monitoring the process of tutoring, 
and streamlines it so as to suit the individual needs of every 
student. It also checks how deep is the knowledge acquired. 

Relieved of the “transmitting” function, the teacher can 
concentrate on the educational function, which is his main 
assignment. 
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How couldn’t it be if it’s omnipresent? Just have a look: “Robot’s 
Penalty Kick”, “Sport and Electronics”, “Mustn’t Technology be 
Called to Assistance?”, “Big Sport and Electronics”, “Electronics at 
Stadium”, “Robot Plays Tennis”, “Stadium’s Electronic Heart”, 
“MAU Steers Bike”, “Jack of all Trades”, “Man, Record and 
Science”, “Technological Progress and Football”. These are the titles 
of articles in periodicals about the use of cybernetics in sports. If 
you, my dear reader, will care to trace some of the articles, 
being—as I’m convinced—an athlete or a sports fan yourself, you 
will get an account of this use. My story deals with something else. 

To begin with, an athlete robot on display at the Canadian 
pavilion of Expo-67, Montreal, played baseball with one hand and 
put the shot with the other. He could also play football, hockey 
and chess. But the stand attendant rated the performance of this 
cybernetic miracle as “meagre, so far”. 

Forecasts were not scarce before the 1966 Football World Cup 
in London. British newsmen were eager to set a record. They 
resorted to astrology and recruited the help of a computer. The 
famous fortune-teller Katheen who regularly disclosed her horoscopes 
in London’s Evening News pronounced Argentine the winner and 
put Brazil second. 

In the USA, a Central Electric Co. computer operated by an 
engineer named Hallhen also made a forecast which was based on 
the scores of the matches during the preceding World Cup, experts’ 
comments about the teams, reports about matches, the descriptions 
of the stadiums used and the like. The computer qualified England 
versus France, the Federal Republic of Germany versus Argentine, 
Brazil versus Portugal, Italy versus the USSR to play the 
quarter-finals and England versus the Federal Republic of Germany 
and Brazil versus Italy to play the semi-finals. In the final, Italy 
would beat England, and Brazil was placed third. 

However, the computer in fact fell short of expectations. It 
erroneously named France instead of Hungary among the 
quarter-finalists and Brazil with Italy instead of the USSR with 
Portugal among the semi-finalists. The trophy went to England, not 
to Italy as the computer had predicted. The West-Germans and 
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Portuguese ranked second and third, respectively, whereas the 


computer had given preference to the English and Brazilians, 
respectively. 
On other occasions, the computer appeared to be more precise. 
' During the 1962 Football World Cup, a Chilean paper carried 


a report that a computer had predicted the score of the match 
between the USSR and Columbia-the leader and an outsider, 
respectively, in their group—as 4-4. Believe it or not, when the 
| referee’s whistle declared the game finished, the scorebore read 4-4! 
A similar situation occurred during the Mexico-70 World Cup. 
Well ahead of the Mexico versus USSR opening bout, the computer 
had wisely given the home team and the visitors the same number 
of points. It put the result at love all. The actual result was exactly 
as the predicted one, a scoreless tie. 

Before the second match, which our team was scheduled to play 
with the Belgians, the computer had been asked again about the 
score. It put it at 2-1 and named Nodiya and Pusatch as the 

scorers for our team. 

And what happened in fact? 

It’s interesting to contrast the computer’s predictions with the 
general opinion of commentators and sports experts. 

Men and machine were unanimous about the survivors of the 
qualifying rounds, naming the USSR and Mexico, Italy and 
. Uruguay, Brazil and England, the Federal Republic of Germany and 
Bulgaria as the quarter-finalists. The results of these games were 
predicted without much controversy: the USSR would defeat 
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Uruguay, the Italians would outplay the Mexicans, Brazil would 
beat Bulgaria, and the West-Germans would score victory over the 
English. 

The results of the semi-final matches became a bone of 
contention. According to the computer, the USSR versus Brazil and 
the Federal Republic of Germany versus Italy would be the 
semi-finalists. It also predicted that the Soviet Union and the 
Federal Republic of Germany would be the finalists. People were, 
however, in discord with the machine. In the first match, they gave 
preference to Brazil; in the second match, they couldn’t reach 
a decision and gave every team an equal chance to win. 

People also disagreed with the machine about the future of the 
“Golden Goddess of Victory”. 

The computer predicted that Jules Rimeau’s Cup would be won 
by the Soviet team while the West-Germans and Brazilians would 
be second and third, respectively. The majority of experts voted the 
West-Germany team the winner and put the Soviet Union second. 
They agreed with the computer that Brazil would be third. 

Football fans know who was Nike’s captor and which teams 
were the two runners up. Contrasting the computer’s sagacity with 
the actual results, they may form now an opinion about the real 
trustworthiness of machine forecasts (very popular nowadays) in 
sports. 

The computer turned out, however, to be a reliable adviser 
about the chances of teams before a world contest. For each team 
it takes into account a lot of various factors such as the total 
number of matches played, the ratio of the games that were won 
and lost, the opponent’s fittness and the like. So, the participants of 
the 10th Football World Cup that took place in 1974 were rated on 
the eve of the event as follows: the Federal Republic of Germany, 
3111 points; the Netherlands, 2750 points; Brazil, 2643 points; the 
German Democratic Republic, 2364 points. Italy was ranked eighth 
behind Sweden, Yugoslavia and Poland. 

The course of events proved that the computer was correct, 
unlike some football experts. It erred only with respect to Italy, 
putting it eighth, while this team was actually in ninth place after 
Argentine. The computer hadn’t failed to name the final pair which 
were the Federal Republic of Germany and the Netherlands. 
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In 1978, the computer predicted Brazil as the winner of the 
11th World Cup after defeating the Federal Republic of Germany. It 
also placed Argentine third due to its victory over the Netherlands. 

Irrespectively of the results of this championship which are 
known to fans, prognostication in sports is a rather puzzling thing 
due to the innumerable variables that are involved in this case. 
They range from public behaviour during a match to a ruptured 
lace of a player’s boot, and from weather to a goalie’s mood. 

For a better understanding, let’s turn to areas which have 
a very distant connection with sports. In order to clarify problems 
in sports, we shall drop them for the time being and concentrate on 
a fascinating branch of mathematics, that of the so-called game 
theory and decision strategy. 

At the beginning of our century, the erudite French 
mathematician Emile Borel published a work on the applicability of 
the theory of probability. The second to last volume of this 
extensive treatise, was devoted to the games of chance. It summed 
up his studies of gambling, in which he took much interest as 
a mathematician. 

The notions Borel had introduced into game theory were fresh 
and inspiring. Unlike his predecessors who had given priority to 
chance in gambling, Borel believed that the player himself can 
control the turn of events. He tried to find a mathematical 
approach to gambling which would enable the player to use his 
skill for a happy outcome. The famous French mathematician Louis 
de Broglie said that Borel had framed a set of hypotheses that had 
provided a basis for calculations on the one hand, and could be 
used as a rational “model” of reality on the other hand. 

Other scientists developed game theory until it eventually 
outgrew gambling and could be applied in psychology, military 
planning, and economics. Particularly valuable was the contribution 
of John von Neumann who had in fact created the mathematical 
theory of games. 

Any game, no matter how simple it might be, is a clashing of 
conflicting interests. Each player strives to capitalize on his 
opponent’s mistake and thus gain the upper hand. 

Game theory outlines the rules of game in terms of 
mathematics. It provides formulae which help to assess the situation 
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and seek a path to victory. Game theory considers numerous factors 
which influence the course of confrontation and foreshadow the 
outcome more or less reliably. Note, that this reliability is a felative, 
not an absolute one. 

In 1964 a storm broke out in a Monte Carlo casino when 
several modest young men began to win bet after bet. It was 
a miracle. They deprived the casino’s proprietor of thousands of 
francs. At one time, the winning was alarmingly high. Some time 
later, the wife of the lucky gambler raked in a hundred thousand 
chips after playing roulette for two hours. 

What was the secret of their success? Gossipmongers from the 
press attributed it to the tricks of a computer which had worked 
out a solid clue on how to win after analyzing several thousand 
winning bets which the enterprising young people had noted at the 
gambling tables in advance and had fed into the computer in 
symbolic form. 

The proprietor disagreed: “We don’t care about the chaps. They 
are weaklings in the face of the millions that change hands in the 
casinos. They just made a fuss.” 

The thing is not that millions are at stake. The main thing is 
that no player’s effort can influence the results in such games as 
roulette and bingo. Chance is the sole ruler in this case. No 
instructions on how to play these games appear to be effective, and 
no strategy of winning can be worked out. If it were so, the owners 
of all Monte Carlo’s places of ill fame would have gone broke long 
ago. 

Let it be remarked parenthetically that the principle of absolute 
randomization is applicable to ideal roulettes only. But these are 
nonexistent. In any real roulette, no matter how perfect it might be, 
the winning and losing bets alternate irregularly. The young people 
from Monte Carlo might have recognized this fact. They could have 
noted all the irregularities of winning and then succeeded in tracing 
a kind of system on a computer in this particular case. 

But what about the prognostication in football? 

A group of Moscow programmers successfully practised it for 
quite a‘ time. They solved their problems on a computer during the 
periods of preventive maintenance and service. 

The group’s main object was to predict the results of a match 
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in terms of points; whether it would be victory, defeat or tie. 


_ Sometimes they went as far as providing the ratio of winning and 


losing scores. 

A programme was constructed that was based on game theory 
and epitomized the intuition, expertise and experience of football 
fans. It was an almanac of football erudition. 

A tabulated system of symbols was employed. Each of the 
symbols could be evaluated by a character ranging from 0 to 10. 
The numerical values of symbols, on being assessed, were added up. 
The sum thus obtained fell into one of the three regions which were 
marked “defeat”, “tie”, “victory”. The numerical bounds of the 
regions were 0 to 35, 36 to 68, 69 to 90, respectively. 

The symbols served to represent the situation around a match. 
So, the “home or guest match” symbol could be assessed, for 
example, at 3 for a guest match (but never higher than 5 in general) 
or at 8 for a home match (but always higher than 5 in general). 

A match played on a neutral field would always be rated at 5. 
The “recent scoring” symbol was established from a team’s 
performance during the last five matches. A team that had won ten 
points during the matches would get the highest mark—10. On the 
other hand, a defeat during these matches that had given 10 points 

to the opponent would be evaluated at 0. In other words, this 
symbol indicated the chances for success of any team against any 
other team on the basis of the last five matches. 

The “previous experience” symbol took into account the scores 
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of the matches between the teams in question on the field of the 
prospective game. 

The “team status” symbol allowed for fresh players with good 
reputations who had joined the team, absence of leaders due to 
illness or national team commitments, change of coach and the like. 

Other symbols took notice of the results of the matches 
between’ the opposing teams and the benefits of weather for 
a particular team. 

The forecasts owed their success to the programme which had 
been compiled with great care. It took into consideration all useful 
details such as the physical fitness and team spirit of the players, 
their moral status and various random factors. 

So, who will be the winner in the next football match? 

This question is, however, nothing more than sheer rhetoric. 
Computers are designed for purposes other than the forecasting of 
football scores. 
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Let’s compare the abilities of man with those of the computer 

briefly and strictly scientifically. 
Man has an edge over the computer in 

1. detecting feeble audible and visual signals; 

2. perceiving and interpreting signals that shape images of various 
modality; 

3. exercising supple control; 

4. memorizing a lot of information for a long time and using the 
right information at the right time; 


faculty for induction; 

modifying the compass of abilities after studying; 

creating concepts and developing methods. 

The computer has an edge over man in 

1. shorter time lag; 

2. repeating stereotypical operations and problem solutions; 

3. storing information in condensed form and disposing of useless 
information; 

4. speedy calculations; 

5. ability to carry out a number of operations simultaneously. 
That’s just one of the possible ways of comparing man and the 

computer. They can be contrasted in terms of other functional 

criteria as, for example, speed of data transmission, reliability, main 

variables, physical characteristics. But such an approach would be 

less representative. 

Oddly enough, but a witty comment or an aphorism may give 


AM 


24 Man and Machine: What Each of Them Can Do 


a clearer picture than a collection of concrete facts. I believe you 
will agree with me. 

An amusing comparison is attributed to Pierre de Latil, 

a French author and a good friend of mine who is devoted to 
popularizing science. Presenting me with his book Pensee artificielle 
published way back in 1953, he marked off the following passage: 
“Man reduces the number of operations by making them more 
complex, the machine simplifies operations by increasing their 
number.” 

Another comparison was given in a collective volume on 
cybernetics: “Man is slow and inefficient in his capacity as 
a machine, but displays universality in contrast with the robot who 
is highly specialized.” 

But the most comprehensive comparison of man and computer 
which goes down to the roots of the existing difference belongs of 
course to Wiener: 

“On the surface, the machine has certain clear advantages. It is 
faster in its action and more uniform, or at least it can be made to 
have these properties if it is well designed. A digital computing 
machine can accomplish in a day a body of work that would take 
the full efforts of a team of computers for a year, and it will 
accomplish this work with a minimum of blots and blunders. 

“On the other hand, the human being has certain 
unquestionable advantages. Apart from the fact that any sensible 
man would consider the purpose of man as paramount in the 
relations between man and the machine, the machine is far less 
complicated than man and the scope of its activity is smaller and 
less varied.” 
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Valentina Zhuravleva, a Soviet author, has written a jovial story 
Phenomenon. 

A boy named Vitya Kostikov puzzled his school teacher Nina 
Vladimirovna with his remarkable talent for mathematics: was 
extremely fast at arithmetics. When asked whether he could do sixth 
grade problems, the impudent youngster sniffed and said: “As you 
wish, Nina Vladimirovna. It makes no difference to me, be it 
a sixth grade problem or a tenth grade one.” 

As it turned out, a computer capable of recognizing human 
voice was installed in the institute across the street from the school. 
Researchers from the institute had planted a microphone in the 
classroom which transmitted to the computer the conditions of 
problems read by the teacher. On solving the problems, the 
computer flashed back the answers through the microphone which 
could also function as a loudspeaker. The cunning schoolboy 
expertly used the electronic prompter. 

Vitya Kostikov is a character from a funny story. But Borislav 
Gadzhansky was a flesh and blood phenomenon. 

“Can you, Borislav, extract the twenty second root of 348 517 
368 452 361 458 872?” 

The boy became absorbed for a minute: 

“Eight.” 

“And would you now evaluate the thirty first root of 538 436 
517 832 435 456 582?” 

One more minute passed: 

“Four.” 

Borislavy Gadzhinsky, 11, was versed in higher mathematics on 
an equal footing with a college graduate. He did not need pencil 
and paper to cope with sophisticated calculations. 

Virtuoso calculators aren’t scarce. 

The overhead lights go off. Appearing on the stage brightly lit 
by the footlights is a dark-suited man who looks rather 
conservative. He is neither the Master of Ceremonies nor a circus 
actor nor a pop singer. He is holding chalk and an eraser which 
seem to be inappropriate for the occasion. The variety show, 
watched by hundreds of spectators with great interest, begins. 
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“Would you kindly tell me a multidigit multiplicand and 
a multidigit multiplicant,” the actor on the stage requests from the 
audience, “and would you care to find the product along with me?” 

“One million five hundred ninety four thousand three hundred 
twenty three and three thousand four hundred fifty six,” comes from 
a seat, 

In a few seconds the answer is chalked on the blackboard: 

5 509 980 288. 

The actor patiently waits until people check the answer on 
paper and discloses then his technique of calculations step by step. 

Aron Chikvashvily is a university graduate in law and 
economics from Georgia. He easily handles multidigit numbers 
without pen and paper. His “calculating mechanism” functions 
without a hitch. 

Chikvashvily is not only an expert in calculations, he can read 
from right to left as well. 

Once, the miracle calculator’s friends decided to check his 
abilities. The assignment was strict: to count how many words and 
letters the commentator said during a Spartak (Moscow) versus 
Dynamo (Tbilisi) football match. A tape recorder was used to 
monitor the broadcast. They got the answer as soon as the 
announcer had said his concluding word. It was 17427 letters, 1 835 
words. 

The check took five hours and proved the answer correct. 
Living calculators must have an outstanding gift for calculations and 
an excellent memory. They also resort to specially-developed 
calculating techniques. But some of the examples which illustrate 
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human ability to conquer the world of numbers are so puzzling that 
the technique of calculations used remains an inexplicable mystery 
and the miraculous speed of calculations is even a greater mystery. 

So, a quick-witted calculator named Osaka raised 97 to the 
second power in an instant. She demonstrated the same speed in 
raising 97 to the tenth power. The extraction of the sixth root of 40 
242 074 782 776 576 was also a matter of a moment. 

A calculator named Luis Fleri was examined by Osti, a doctor, 
and Saint-Lager, a mathematician, in 1927. One of the problems he 
had been offered consisted in breaking down a given number into 
some number raised to the third power and a four-digit number. 
Given 707 353 209, Fleri provided the answer in 28 seconds. It was: 
go? and 5238. Then given 211 717 440, Fleri answered in 25 
seconds: 596° and 8 704. 

People who work wonders with numbers are particularly fond 
of the problems associated with the calculations based on the 
calendar. They backtrack in the mind’s eye through ages and 
millenia, overcome the difficulties of non-decimal relations (a week 
consists of seven days, a day has twenty four hours, and an hour 
has sixty minutes) in order to find out after hundreds of calculations 
carried out in a few seconds that January 1, 180 was a Friday. 
They take into account the leap-years and the changeover to a new 
calendar in 1582 among other things. They can calculate how many 
seconds expired between Nero’s death and the surrender of 
Constantinople. Questions of the kind what day of the week will 13 
October, 28 448 723 be? are said to be asked when the calculators 
Inodi and Dagberg are chatting with each other in a jovial mood. 

An unofficial world champion of oral calculations is known 
now. He is Valem Klein, a Dutch mathematician working in Geneva 
for the European Council for Nuclear Research. On extracting the 
nineteenth root of a 133-digit number, Klein demonstrates the 
following trick. The audience is requested to name a six-digit 
number which is then raised to the thirty seventh power on 
a computer. The result, a 220-digit number, is put down on several 
slates and handed in to Klein. He extracts the thirty seventh root 
from the numerical monster in three minutes and twenty seconds 
and gives ‘the original six-digit number named by the audience. 

The mathematician Moris Dagber from Lille, France, argued 
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a few years ago that he would solve his ten problems in less time 
than a computer would cope with its seven problems. A competent 
jury composed of physicists, engineers and cyberneticians watched 
Dagber score a victory over the high-speed computer capable of 
carrying out a million operations per second. The man was through 
with his assignment in three minutes and forty three seconds while 
the machine couldn’t cope with it in less than five minutes and 
eighteen seconds. 

Such competitions aren’t easy. I conducted one that took place 
at Cybernetics Institute, Ukrainian Academy of Sciences, between the 
young calculating genius Igor Shelushkov and a MIR computer. 

The computer used then deserves some explanation. Unlike 
other machines, it had been provided with a programme written in 
symbolic form. Owing to the programme, the computer could 
differentiate, integrate and cope with other algebraic manipulations. 
Nicknamed “egg-head calculator” by the designers, it was an 
earnest Opponent. 

The contest was umpired by competent people, 

a professor—head of the mathematical programming department -—and 
his colleagues. 

I don’t know what the conditions were during the French 
contest, but we strived to create equal opportunities for man and 
machine. We carefully selected the assignments with due regard for 
the fact that some of the problems the computer can solve much 
faster than man and some of the problems solvable on a computer 
are entirely beyond the compass of human ability. The time of 
presenting problems to man and machine was scheduled separately, 
and the requisite accuracy to a given decimal place was specified in 
each particular case. 

Shelushkov’s talent must be given its due, his victory was as 
overwhelming as that of Dagberg was in France. 

This proves not only the outstanding calculating ability of some 
people but also the inexhaustible potentiality of the human intellect. 
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People have gotten so used to the accuracy and infallibility of 
computers that even a hint that an electronic brain may blunder 
sounds impossible. However, experience shows a different picture. 
Some of the computer’s tricks may lead to grave consequences for 
man and mankind, others may raise a smile because they indicate 
that nothing human is alien to the machine. What follows has been 
collected, however, not just for fun. 

A hyphen omitted from the programme was the cause for 
destroying a $ 18.5-million rocket that had been launched from 
Cape Kennedy, USA, with a Venus-explormg space probe. 

Pentagon computers sounded a number of false nuclear attack 
alarms during the winter of 1979 and the summer of 1980 only 
because “approaching enemy planes” had been spotted on the air 
defence radar screens. During the first alarm, US Air Force 
fighter-bombers took off to intercept the “targets”. The other alarms 
put bombers of: the Strategic Air Command on full alert :the crews 
took their places in the cockpits and the engines of nuclear 
weapon-carrying planes were started. The ill-boding mistakes of USA 
computers could cost a high price for mankind. 

A motorist from the city of Laurensberg was showered with 
computer-issued reminders that he was due to pay DM10 056 in 
taxes for his car. On one day, the mailman called on the poor car 
owner as many as seventeen times. The flood of requests came to 
an end only after tax-office officials had tamed the furious computer. 
It mistook an illegibly printed 6 for 0 and read 1905 instead of 
1965, claiming taxes for a period of sixty years. 

The mathematician and composer of machine music R. Zaripov 
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told me that once he tried to instruct an URAL computer to 
compose marches instead of waltzes which had been its previous 
specialty. In vain. The computer stubbornly refused to write marches 
and went on to put together waltzes. It became rebellious: stopped, 
run the programming tape an endless number of times of its own 
accord, winked with its neon eyes but produced nothing. A mistake 
in the programme which read 1177 instead of 1777 was the cause 
which. was not immediately obvious. 

A.divorced woman from Johannesburg, South Africa, decided to 
get married again. All she had to do in this case was to pay a visit 
to an office which employed a computer to advise on matrimonial 
matters. She filled out a form with numerous questions which were 
intended to find out her interests and her preferences for certain 
virtues, looks and morals of the prospective husband. The lady 
wasn’t, however, aware that her former husband had also recruited 
the aid of the same office. 

A few days later a letter was mailed to her which bore 
a “Strictly confidential” inscription. On opening the letter with 
obvious impatience, she read that the computer had picked her 
exhusband from over a million candidates. 

A young man requested a computer to find him a fiancee. He 
wrote that she should be not too tall, sociable, modestly attired and 
a good swimmer. The high-speed computer didn’t keep him waiting 
long: 

“A penguin is your choice.” 

(This answer seems to be perfectly exact but stupid and even 
wild.) 

In Great Britain, the directors of one hundred companies that 
competed with each other asked a computer: which of the British 
Isles’ corporations would stand up to economic hardships better 
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than the others and would offer the most brilliant prospects for the 
investors? “Rolls-Royce”, was the computer’s hard and fast answer. 
But some time later, the firm’s bankruptcy became a front-page story. 

The workers of a Telefunken factory went on strike to protest 
the computer’s use for managerial purposes. They noted that they 
had been significantly underpaid due to the errors systematically 
made by the computer invariably in favour of the owners. 

The computer at a South African pension office stopped for 
a while as if facing an insurmountable problem when it came across 
the name of Mrs Malcolm-Smith. Having mistaken the hyphen for 
a minus, it then proceeded by subtracting “Smith” from “Malcolm”. 

The owner of a Burton-on-Trent brewery decided to estimate 
how much beer his countrymen would drink during the Christmas 
holidays. The estimates were done on a computer. The guidelines 
followed by the computer are unknown, but the brewery’s output 
boosted on the computer’s advice exceeded the actual demand of 
beer-drinking public by 1.2 million litres. 

The tenants of a house in Houston, Texas, complained about 
the landlord: their tap water bills showed deferred payment 
surcharges although they had never been late in their dues. 

The answer was that it had been the computer’s fault. Turned 
on somewhat late, the machine couldn’t cope with its assignment for 
the last month in time and decided therefore to charge fines. { 

The American cybernetician Danzig decided to use a computer 
in order to design a budget-saving diet. He had fed the calorific 
values and the seasonal fluctuating prices of various foods into the 
machine, which answered after lasting and complex calculations: 
“Eighteen litres of vinegar a day.” 

Danzig’s first reaction to this statement was that an error had 
slipped into the programme. He repeated the calculations but the 
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answer remained unchanged. The point was that the calorific value 

of 18 litres of vinegar was 1800 calories, that is equalled the daily 

nutritional requirements on which the calculations were based. 
Danzig changed the programme by introducing a factor which 

accounted for possible interchangeability of foods. The economy- 

minded diet recommended by the computer after long 

meditation was 32 cups of coffee with milk. 


What formulae cyberneticians have invented on various 
occasions! W.R. Roys, a professor in psychology, developed 
a formula for love: 

ize 32.99 AG + (BP)? 
2n 
where IZ is the deepness of love, A is the concentration of 
adrenaline, G is the concentration of glycogen, BP is the blood 
pressure, n is the number of cohabitants. 

The creator of the formula claimed that it was applicable to 
any society which practised either polygamy (plural marriage) or 
polyandry (the state of having two or more husbands). But the most 
fascinating thing is that passion changes inversely with n! 


A signboard at 10, Erlam Street, London, reads that an 
international society for the banning of computers is housed there. 
The society’s enthusiasts have found out among other things that 
fifty persons working day and night wouldn’t commit in two 
hundred years as many blunders as a computer does in just two 
seconds. 
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A car races down a highway. The driver carelessly picks up speed: 
60, 70, 80 kilometres per hour. All of a sudden from behind the 
bend he sees a truck crossing the highway. Slamming on the brakes 
so that they squeal, the driver is, however, too late to avoid 

a crash. 

The braking distance as measured by the highway patrolman 
betrays that the driver was late by just an instant. The driver 
argues that he applied the brakes in good time. 

How does braking take place? When the driver spots a danger, 
his brain generates an impulse which reaches a leg muscle. 

A difference of potentials set up in the muscle induces an action 
current. The muscle contracts and the foot depresses the pedal. This 
brings the car to a halt. But how long is the path from the brain 
to the car? 

We forget about that in everyday practice. Even a machine 
operator never bothers to think that he isn’t just standing at the 
machine. Consider a machine operator in terms of cybernetics. His 
brain incessantly provides the programme for his work. His hands 
and feet, which are nature’s most skilled tools, establish a link with 
the machine. Specialists would say that any machine operated by 
man is a biomechanical system of control. 

Such a system is in the state of constant motion, undergoing 
changes every second, if not every fraction of a second. 

As soon as an indicating light goes on in the cockpit, the 
pilot’s hands grasp the control wheel. The time lag of a trained 
person is a quarter of a second. But a high-speed jet plane covers 
one hundred fifty metres during this interval, a modern rotary press 
prints fifty copies of a newspaper, a high-capacity mill turns out 
several tons of rolled stock, and a chemical plant produces tens of 
kilograms of sulphuric acid. 

To keep abreast with machines which operate at an 
ever-increasing tempo is now a task with which man must cope 
with an ever-increasing difficulty. Time and again man questions 
himself how to dispose of the tiresome operations of control? 

Scientists have been tackling this problem for years. Theoretical 
and experimental studies have proved that human physical effort is 
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not an indispensable element of a biomechanical system of control. 
But why? 

There is evidence that preparatory to a motion the action 
current in the muscle involved is subjected to a change. Man can 
generate and control the action current in any muscle at will, 
without any motion. Just an order from his brain would set up an 
action current of requisite strength. 

This involuntarily reminds us of the founder of the 
electromagnetic theory Maxwell who remarked, as if casually, that 
the scientists who calculate the forces of attraction between heavenly 
bodies are experiencing a strain in their own muscles. 

The strain which comes thus into play can be readily named 
action potential. It can be picked up by an electrode applied to the 
skin, and amplified. Designers have found a way of shaping the 
amplified signal and applying the shaped signal to a final control 
element. 

In this country, development efforts culminated in producing 
a biomechanical arm in 1957. After some modification, the arm was 
demonstrated at the 1st International Congress of the Federation for 
Automatic Control. A boy of 15 took a piece of chalk into his 
artificial hand and wrote on the blackboard: “Welcome delegates to 
the Congress!” 

The packed house which watched this startling scene bursted 
into applause, paying tribute to the masterminds of the remarkable 
system of bioelectrical control. The new prosthesis /manipulator was 
nicknamed the iron hand. 

It was a great invention. It was also a humane one, for it 
reinstated the invalid in his former job as either a skilled jeweller or 
an unskilled hammersmith, returning to him his missing hand which 
was so badly needed. 

With time designers will. modify prostheses so as to make them 
versatile, capable of manipulating in various ways. The iron hand 
will get stronger and acquire the ability to move the fingers. It will 
be rendered perceptive and tell hot from cold, wet from dry, smooth 
from rough. 

It’s really a great invention, for it has opened the door into an 
unknown world of bioelectrical technology whose vistas disappear 
beyond the horizon. 
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Amplified action current can be transmitted over long distances 
through wires or wireless. This means that artificial arms can be 
stretched over thousands of kilometres or lowered to the sea 
bottom. In this latter case they can be used to lift sunken vessels 
without any direct human effort. A closed-circuit TV on board 
a rescue ship will be used to monitor the operations. 

Artificial arms can be fitted to a bathysphere lowered into the 
sea depths. 

Fireproof arms are needed by the workmen in charge of 
fire-spitting furnaces. Dielectric biomechanical arms can’t be 
endangered by any electric current no matter how strong this might 
be. Other “arms” will enable man to enter the most hazardous areas 
of a nuclear plant where there are maximum levels of radiation. 

It has turned out that we can pick up not only the action 
currents of skeletal muscles but also those which are generated in 
the heart muscle, in the muscles of the respiratory system and the 
like. 4 

An X-ray apparatus controlled by the action currents of heart 
muscle can take X-ray patterns of the heart at any stage of its 
contraction. The same action currents can control the supply of 
anaesthetic during surgery or the feeding of oxygen to a pilot, 

a cosmonaut or a diver. 

Action current-controlled prostheses create the prospect of 
developing prostheses of organs other than human ones. This 
applies, for example, to action current-operated wings or gills. 
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Cyberneticians dream of biomechanical systems helpful to man, who 
will be an integral part of a mammoth machine and exercise control 
over its multifaceted operations with the aid of his action currents. 

Action currents have already been harnessed to control 
sophisticated mechanisms. 

A toy locomotive and car circle a track on the table, next to 
which sits a man. Smiling at the spectators, he stops and reverses 
the toy train with slight motions of his hand. A miracle! The man 
in the chair looks like a wizard from a fairy tale who makes people 
in the real world gape at his incredible power. Yet, he is no wizard 
at all. He controls the train by means of a contrivance which senses 
his action currents. Two transducers are used which are applied to 


the muscles which bend and unbend the hand. They produce two 
signals: “Foreward” and “Backward”. 

Similar systems of human control might be used to operate 
tractors, automobiles, power shovels, machine tools, and cranes. 
They will provide a direct “living” communication link with man. 

However, the communication won’t be direct in the strict 
meaning of the word. 

Schoolchildren from the city of Sverdlovsk made another action 
current-operated “iron hand” in 1959. Tightly closed into a fist, the 
hand spread out to the surprise of their designers when the person 
who operated it said “How do you do”. At this very instant, the 
operator pictured to himself that he was extending his hand for 
a handshake. 

The action currents of skeletal muscles are studied by 
a technique termed electromyography. The action current of the 
heart muscle is recorded with the aid of electrocardiography. The 
electricity of the brain is the concern of electroencephalography. 

The problem of employing the action currents of the central 
nervous system directly is pivotal for the success in 
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electroencephalography. When this problem is solved, the circuit 
over which the information in the form of human orders is 
transmitted to a machine will be minimized. Figuratively speaking, it 
will be our unspoken desires which will govern machines. 

Modern electronic equipment is so sensitive that it can respond 
to the electric pulses generated by man from a distance of one 
metre. The famous inventor of electrophonic instruments A. Terman 
claims therefore that his instruments can be played without even 
moving a finger. Our action currents will see to this. He seeks ways 
of making his instruments directly susceptible to human emotions. 
Scientists joke now not without reason that meaningful stares aimed 
at a machine is a novel method of control worthy of attention. 

An action current-controlled aircraft which manoeuvres at 
a high speed in midair is a concept which is now being discussed in 
literature not by sci-fi authors but by specialists. So far the pilot 
sits in the cockpit but does not touch the controls. Could the pilot 
stay on the ground and exercise control via a TV link? Sci-fi 
writers are looking farther ahead, they are sure that the era of 
action-current control will come. 

I asked specialists in bioelectrical engineering for their opinion. 

“Tales of imagination will always exist,” was the answer. “The 
main thing is that we have dared to encroach upon a province 
which was inaccessible for automation until quite recently. The new 
field of studies abounds in unpredictables that can’t be defined 
mathematically. The things that can’t be foreseen can’t be 
programmed.” 

I pressed for a practical example. After highly-scientific 
explanations that such a system must have a short response time, 
ultimate manipulatory ability and a maximum of degree of freedom, 
I was told: 

“Picture to yourself a panic-stricken hare who hops madly 
about the forest in a zig-zagging track while being chased by 
a mechanical hound ‘unleashed’ by you in order to overtake it. 
That’s exactly the case where an action current-controlled system is 
indispensable.” 

Academician A. Blagonravov virtually shocked the audience by 
revealing the fantastic potentialities of action-current technology: 

“We are quite positive that the time has come to develop 
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a robot who will virtually be your counterpart. He will prospect for 
minerals on Mars at your will or will offer congratulations to 

a new sports star in Rio de Janeiro on your behalf while you are 
in Moscow. The point is that we wish to design not a mechanical 
robot who will follow a given programme but an automaton who 
obeys your thoughts. And such a project is neither mysticism nor 
fantasy.” 

Scientists have buckled down to developing mental 
communication between man and machine. If they succeed, this 
would mean that any command man might have on his mind as, 
for example, “right”, “left”, “up”, “down”, “approach closer”, “keep 
off’, “stop” and the like would be obeyed by a computer, being 
received by it in the form of electric pulses of human origin. 

Doctor Lawrence Pinneo from Stanford Research Institute 
thinks that what is called biocybernetic communication between man 
and computer can theoretically be established in opposite directions 
simultaneously. To that end, the computer must be capable of 
generating electrical pulses comprehensible to the human brain. 
Directors will then shoot their films by mentally picturing the stills, 
composers will compose their music by imagining the scores, and 
architects will design projects by dreaming of real buildings. 

Biocybernetic control may thus make fantasy come true by 
virtue of biocybernetic communication, utilizing its potentialities to 
their fullest. 
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Heaven 
Unlike the well-known scientific journalist Vladimir Orlov, I never sat 
at their controls. But let Orlov tell us his story. 

“Once I was offered a chance to operate such a machine. On 
raking aside heaps of paper tape, mathematicians asked me to take 
a seat at its control console. A journalist was asked to solve offhand 
a problem that a diligent student working on his graduation project 
would tackle for months. I had to design an electric motor that 
would not just go on spinning without bursting into flames, but 
would cost less than any other motor. That was a piece of refined 
engineering thought until quite recently. Current prices for steel, 
copper and other materials, economic considerations, manufacturing 
practice and operating requirements should be taken into account to 
produce a minimum-cost design. 

“The difficulties weren’t concealed from me. To calculate the 
dimensions of just one version of the motor, I had to use almost 
two hundred formulae. To obtain the optimum proportional 
dimensions, I had to analyze around one hundred versions. No 
handbooks were allowed as during strict exams. My only helpmate 
was a paper with the instructions on how to operate the keyboard. 

“Looking askew at the instructions I pushed the keys with my 
uncertain fingers. Flashing its lights, the computer assuredly reported 
that my instructions had been accepted. 

“Magnetic tapes started to wind and unwind in glassed cabinets. 
Details of design, physical properties, arithmetic instructions were 
retrieved from the files and put together by the computer on 
a single tape like the cars of a train. 

“Finally, I depressed the ‘printout? key. It was high time to 
have some tea. The computer would do the rest of the job. 

“The control console lights, that had been lazily winking at 
each other, became agitated. They formed running illuminated 
garlands. All of a sudden, we heard the printer start rattling. The 
paper tape which had been at rest, began its progressive creeping 
motion like the cartridge belt of a machine gun. A column of 
multi-digit numbers appeared on the tape. They were decoded for 
me. The machine informed us in the opening lines that the problem 
had been solved comparatively easily on the basis of analysing just 
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78 versions of the motor. Next, it printed out comprehensive motor 
specifications which consisted of fifty items. The dimensions were 
immediately transferred to an undimensioned motor drawing with 
blank spaces between the arrow lines. Fifty other parameters printed 
out after the dimensions were a generous adjunct, the touch of 

a master, a neatly-tied knot of a parcel with the design of 

a nonexistent motor. There it was, in minute detail.” 

The computers used nowadays for the same purposes are more 
sophisticated. Designers have some good names for them. They call 
them sketching pads and designer’s right-hand men, electronic 
master-minds and engineering wizards, artists of formula, and 
pedestals. Such computers are the pedestals which give support to 
the designer’s intellect, rendering it capable of brilliant engineering 
feats, enabling it to attain the peaks of creativity. They are really 
know-it-alls in the art of designing. 

When you watch how a designer takes his place in front of 
a computer and sets about working, you can’t help admiring their 
cooperation. It’s an amalgamation of intellect and speed, imagination 
and reliability, creativity and soberness, impulse and memory. 

Computer-aided design is a long term to spell. Still longer, 
however, is the list of difficulties facing a person who has resorted 
to this method. Social application, economic and aesthetic evaluation 
of the assignment are problems which are all tied together into 
a single knot. Numerous questions that couldn’t be foreseen in 
advance may arise at various stages of designing. Different 
approaches to the assignment must be tried for an optimum 
solution. Errors that might slip by due to the application of the 
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new methods mustn’t be overlooked, and an insufficiency of initial 
data must be taken into account. No effective man/machine 
cooperation is feasible unless all the difficulties encountered in their 
creative work are overcome. 

Many aspects of the problem touched upon are still debatable. 
But one thing is quite obvious. The most jabour-consuming sides of 
creative work are vested in the designing computer as soon as the 
designer “plays” its keyboard. The computer in its turn, being 
capable of accepting and comprehending drawings, stores the 
designer's ideas in its memory as if putting them down in a rough 
pad in consecutive order. 


The designer takes an electronic light pen and sketches | 
a drawing on the video display. Every line of it is immediately 
absorbed by the computer. If the designer has drawn a front 
elevation, he may request the computer to transform it into a side 
elevation, a top view or a three-dimensional projection. The designer 
can turn or shift to another place any component at his will. He can 
also reduce or enlarge the scale of components. A scale that 
provides the designer with a sheet of drawing paper with an area as 
large as several thousand square metres is no problem. 

Any component that has been already designed can be 
reproduced on the video display at the flick of a button. Standard 
parts are drawn only once. They can be then called into the 
drawings of all units where they are necessary. The counterparts of 
any component redesigned on the video display are accordingly 
modified by the computer on its own accord. When two designers 
work over the same model, the computer betrays all their 
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overlapping solutions, not allowing time to be wasted in parallel 
efforts. 

On accepting a drawing, the computer records it in terms of 
equations. It can also accept equations directly. This feature alone 
relieves man of almost all rough calculations. 

The computer can operate the other way around by 
transforming equations into graphs. The route from sketch to 
equation and vice versa is thus significantly shortened. 

The two “high contracting parties”, that is man and machine, 
incessantly update the design during the course of their mutual 
work. Adding a line here and introducing a new value there, they 
seek an optimum solution in full accord. 

Once the designer has sketched a drawing on the display, the 
computer stores the drawing in its memory. In response to the 
input, the machine prints out equations which the designer uses to 
analyse the design. Should a modification be needed, the computer 
can amend the drawing at your request. It can also demonstrate the 
project in action if you wish it. On carrying out relevant 
calculations, the computer will produce hundreds of drawings. They 
will unfold a picture that shows your creation in operation as if in 
a cartoon. 


: 
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Researchers from the Institute of Applied Mathematics, USSR 
Academy of Sciences, led by D. Okhotsimsky, Associate Fellow of 
the Academy, have embarked upon a promising project. It is the 
computer-aided modelling of a six-leg walking device named 
Cockroach. On feeding the equations of leg motion into the 
computer, the researchers watch on the video display the progress of 
the creature over various obstructions that have been entered into 
its memory. They study the effect of various equation coefficients on 
the Cockroach’s gait and obstacle-negotiating ability. No tedious 
calculations are required in this case during which two or three 
days are commonly lost for every version. 

Isn’t this an ideal way of solving problems facing the designer 
and the inventor? The computer evaluates the numerous design 
versions, correlates the incomparable, combines the incompatible, 
mathematically validates the solution. It carries out the bulk of the 
work and is the main tool for designing new machinery. 

Discussing the man/machine interaction in the field of designing, 
Academician V. Glushkov predicts that the jobs of the engineer, the 
designer and the inventor will change beyond recognition: “You 
introduce a design concept into the computer and it takes care of 
the designing routine: carries out calculations, generates parts lists, 
produces drawings. If a way is found to feed the computer output 
directly into an automatic transfer line, then no drawings will be 
needed at all in order to make:a new machine.” 

The creators of computers were the first to realize the 
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advantages of computer-aided design. The old methods of designing 
lagged behind the production methods and therefore new models of 
computers frequently grew obsolete while still on the drawing board. 

Now, one computer designs another computer. It copes with the 
task much faster than man. The first stage consists in materializing 
the design concept, the principles on which the designer’s idea is 
based. The second stage is the preparation of drawings of the 
design. In other words, the computer first provides a schematic 
diagram and then generates assembly drawings. The computer 
instead of the design office furnishes the manufacturing plans and 
specifications on being given only the general idea about the new 
model as the designer pictures it to himself. 

The ability of a computer to produce another computer that 
would equal or even excel its “creator” in terms of performance was 
hotly debated at the dawn of cybernetics. Now, although not so much 
time’has passed since then, we are positive that one computer 
actually can design another computer along the guidelines prescribed 
by man of course. 
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An electronic robot mysteriously went astray at General Electric 
research lab in Chicago; it started and ceased operation on its own accord 
and made numerous blunders. The attendants ran off their legs. No 
sooner would they check the circuitry and tame the robot, than it 
would start to plague them again. And so a whole week passed. 

Rescue came by accident, as usual. It was noted that the robot 
had started to misbehave itself any time an attractive secretary 
passed by. Did it fall in love with her? That sounded unlikely. 
Nevertheless, it was a fact that the robot had totally submitted itself 
to the pretty girl; her makeup had impaired the sensitivity of the 
robot’s photocells. 

Funny stories about robots are legion. Before telling you some 
of them, let’s clarify one point. The term robot was coined by the 
Czech author Karel Capek. It is used to denote man-like automata 
that were adapted to do useful work. Androids and clock-work toys, 
such as mechanical dolls, aren’t referred to as robots. 

Robots, like people, have a history of their own which dates as 
far back as ancient times. According to a legend, Philadelphus 
Ptolemy produced one of the oldest robots. Unfortunately, none of 
its details are known. 

The Iron Man of Albertus Magnus was another ancient robot 
that firmly established itself in history for more than seven hundred 
years, wandering from one book to another. The famous German 
philosopher and alchemist toiled over his invention for thirty years 
and made it his doorkeeper. The Iron Man’s fate isn’t clear. 

According to one legend, the master had taught his doorkeeper 
a few words. With time, the events took a bad turn for the servant. 
He began to chatter endlessly, enraging Thomas Aquinas. One day 
he shattered his teacher’s creation with a hammer. 

Another legend is a bit different. One day Thomas Aquinas 
called on his teacher. A maid he had never met before opened the 
gate. Following her, he noted her peculiar gait. The figure, face and 
voice of the woman when she had requested the guest to wait, 
embarrassed him. It struck him that the person in front of him was 
inanimate. “The evil spirit!”, shouted Thomas Aquinas, wrecking the 
machine with his staff. When Albertus Magnus appeared on the 
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scene, being alarmed by the noise, screws and gears were all that 
was left of his maid. 

No drawings, plans or descriptions of the miracle machine are in 
existence. Therefore, the story is regarded as a half-myth. 

Clock-work fluitists, drummers, dancers and even barbers, house 
painters, bakers and clerks were of every description. Their 
originators were reputed to be highly-skilled craftsmen. The 
following episode may illustrate this. When word reached the 
weavers of Lyons that the famous French mathematician Jacques de 
Vaucanson had resolved to contrive an automatic loom, they made 
up their mind to beat him black and blue. The inventor made fun 
of the angry workmen: he constructed a donkey who weaved on 
a loom. 

Early in the 19th century, interest in an automata made to 
resemble human beings subsided. We'll refrain from commenting on 
the philosophical and social background of this fact. One cannot, 
however, but point out that these lifeless ingenious creatures made 
primarily for entertainment can be regarded to some extent as the 
progenitors of modern automation. 

The charming melodies of clock-work fluitists don’t sound any 
longer. The androids have been moved from the noisy festive halls 
of royal castles and palaces to quiet museum retreats. 

Novel times herald novel ideas. Electrically-operated automata 
have appeared on the scene. 

Have you ever met Mr Televox? Squarish and clumsy, not very 


: 
237 The Last Episode from the Life of Robots 


— 


attractive. The eyes, mouth and nose were drawn. An intricate 
wiring and various relays could be seen through the openings in the 
body. Televox could hear and obeyed orders signaled with a whistle. 
It switched on a vacuum cleaner and a fan, turned on lights in 
a room, opened windows, closed doors. Wensley, the engineer who 
had contrived the robot, said that—stripped of the casing—it was in 
fact an automatic telephone exchange with several electric motors 
connected as subscribers. A magnetic tape with a few recorded 


phrases was fitted inside Televox some time later. When a motor 
started to rotate and a green lamp lit up inside the body in 
response to an order, a loudspeaker uttered the words. 

A robot by the name of Eric was a creation of the British 
engineer Richards. It wore a knight’s suit of armour and could 
stand up when ordered. Simultaneously, the eyes became light and 
small green lamps went on in its mouth. Eric could tell you the 
date and time, if asked. 

Alpha, a giant robot created by Harry May, a London 
professor, also saw the light of the day. It was enormously heavy, 
tipping the scale at two tonnes. According to a book that appeared 
in the 1930’s, Alpha had a cylindrical head and wore strange glasses 
in the form of perforated steel plates. It had a straight Roman nose 
and an enormous mouth. The lips were always tightly pressed 
together. Two mammoth ears with microphones inside them 
protruded from the sides of the head. The arms and toes were of 
segmented construction. Artery-looking wires could be seen through 
an opening in the chest. 
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The robot took a seat and stood up, raised and lowered its 
arms, moved its fingers, spoke, whistled and sang. It could take 
hold of a gun with its right hand and never missed the target at 
a distance of twenty metres. 

A lecturing robot was on display at the Chicago’s Century of 
Progress Exhibition in 1933. The giant, which stood almost four 
metres high, could unbutton its vest to reveal the transparent chest 
and abdomen. It explained digestion, indicating the organs involved 
with a finger. 

The Westinghouse Company’s robot Willy obeyed spoken 
orders. It was a witty robot that could walk, speak, discriminate 
between several colours, smoke a cigar and even wink at women. 
A female singing robot was sitting with a zither in its hand on 
a sofa next to Willy. The singer’s repertoire consisted of about three 
thousand songs, arias and dance tunes. 

All these robots lacked much in human appearance as 
compared with their predecessors, the clock-work people, but they 
gained in human functions. 

The robots of today are electronic creatures. 

Selector is a speaking robot, Contina is one that can see. Rum 
is endowed with the faculties of walking and gesticulating. It can 
shake hands, answer questions, tell you its biography and even sing. 
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ChTS is capable of walking, turning right and left, bending its arms, 
grasping various articles and seeing. Each of the eyes operates 
independently. Tinker can perform one hundred eighty actions and 
is always very busy. It can wash the master’s car and take the 
master’s kids for a walk among other things. 

The robot named GPTU is endowed with a faculty that is not 
inherent in man. It can sense radioactivity in addition to perceiving 
light, sound, heat and smartly circumventing obstacles. The robot 
initiates audible and visible alarms at a distance of a few metres 
from a contaminated zone. It also warns in spoken words about the 
hazard. 

A versatile robot from the Soviet Union had its premiere at the 
World Exhibition in Osaka. It could see, walk, move with its head 
and arms, dance to a tune, obey twenty seven radio orders, 
“comprehend” human speech, solve problems on a computer, enjoy 
music and even respond to it by beautiful electronic fireworks on 
a video display. The talents it was in command of were so 
numerous that an extra chapter would have been needed to 
elaborate on them. 

Quite curious are intellectual robots. Frederik is one of this 
kind. Its name is an acronym for Family Robot for Entertainment, 
Debate, Education, Retrieval of stored Information and summing-up 
Knowledge. 

The main field of application for robots is, however, industry. 
An industrial robot reads drawings, identifies articles depending on 
their shape, determines their relative position, percepts the articles 
and assembles them into a unit in accordance with a programme. 

It copes with the job with the aid of two TV cameras that 
function as “eyes”. One reads the drawings and the other identifies 
the parts. A manipulator the robot is fitted with serves as an arm. 
Its rotating forearm and articulated hand that has two fingers 
provide for seven degrees of freedom. A medium-sized computer is 
used as the brain. 

When the robot reads a drawing, its brain simultaneously 
programmes the sequence of part assembly. The second eye takes 
over then, observing the parts that must be assembled. It compares 
their configurations with the configurations of parts which have been 
stored in the computer’s memory while reading the drawing. Thus, 
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the right parts are identified. After a final check, the robot’s brain 
triggers the arm. It picks up part after part with great care and 
places them into the positions indicated in the drawing. 

This is not to be trifled with. 

Nowadays, robots test automobiles and aircraft, replace man in 
industries detrimental to human health, explore space and sea 
depths. The Soviet-made Lunakhod probe was the world’s first space 
robot which explored the moon. 

Robots are used to model human functions and the behaviour 
of living beings during the studies aimed at developing 
high-performance automatic equipment and other machinery. Robots 
are also employed to model biological processes in order to check 
our conceptions about their mechanisms. 

The population of robots has mushroomed from a few hundred 
not so long ago to thousands and even tens of thousands in certain 
countries. This is the beginning of the era of robots. 

The first-generation industrial robots were single-armed immobile . 
automata deprived of an effective memory. They could operate 
without being monitored by man, but man couldn’t get rid of 
a feeling of pending trouble every time he recruited their assistance 
with more or less satisfactory results in small-scale and piece-work 
production. 

The second-generation robots were provided with sense organs 
in the form of transducers and with some sort of brain. These 
refinements enabled robots to adapt to a changing environment and 
behave in a “reasonable” way. They could cope with more complex 
assignments than the first-generation robots. 

The third-generation robots are those of today. They are 
self-contained cybernetic systems which are capable of perceiving 
visual, tactile (perceivable by the touch) and audible information 
about the environment. Their “intelligence”, that is their ability to 
process information, is at a much higher level of perfection as 
compared with their predecessors. They can behave themselves 
“purposefully” in a changing environment without human assistance 
as sort of visitors from the future. 

A new science termed robotics has come into existence and is ~ 
gaining ground. It has defined three elements of a robot: human 
patterns of motion, “sense organs”, and “intelligence”. A new 
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industrial organization has also been set up, termed robotization. It 
envisages large-scale use of multi-purpose robots and robotized 
systems. Robotization will create the most favourable conditions for 
the introduction of integrated automatic systems in industry, 
agriculture and transportation. Hardly anyone can doubt that all 
manual production processes will be the responsibility of robots in 
the foreseeable future. Self-instructing robots which can see, hear, 
perceive by touch, adapt themselves to the conditions of process and 
solve complex logical problems on their own accord will be used. 

The interest in robots is a call of the time. Robots will pave 
the way to higher levels in technology, will become man’s real 
helpmates, intelligent and versatile. 

The tendency to anthropomorphize robots which prevails in 
some quarters is regarded as impractical by scientists. Does it make 
sense to attribute human shape to robots? What has a higher 
priority, as Academician I. Artobolevsky wittingly remarked it, the 
external appearance or the internal relationship? 

A machine made to resemble a man may look more pleasing to 
you than one with an appearance never known before. But do 
robots really need to look like humans? 

Pygmalion and Galatea, a statue created by human hands and 
brought to life; Homunculus who was conceived in an alchemist’s 
flask; Hoffmann’s Olympia pieced together by the mechanic 
Spallanzani— bygone dreams about artificial people. 

A good many books are thick with robot heros. They pilot 
“cosmocraft” on interstellar flights, take a trip to the centre of our 
planet, walk on the sun. These are recent dreams about artificial 
people. And what can be expected in the future? 

Mr X, the head of a patent office, talks with a visitor: 

“What would you like to patent?” 

“A robot.” 

“Oh, gosh! The same old things,’ Mr X is enraged. “My dear 
friend, I’m sick and tired of inventors! Hardly a day passes without 
one coming in to order a patent for another robot.” 

“Well, but I...” 

“Believe it or not,” X goes on, “but I have tested two hundred 
and sixty nine robots this year. All kinds of them, small and big. 
And all of them, I repeat it—all, have turned out to be nothing.” 
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“But may I say that...” 

Nothing can stop X now: 

“A robot who is man’s servant and helpmate is of course an 
attractive idea. But how can it be materialized? Nevertheless, a guy 
will come here, into this office, and bring a model of the right 
robot with him sooner or later. Exactly one, that is needed. I'll 
crown him then with roses and laurels myself. But who knows when 
this will be. Meanwhile, you may go home, my friend, and give my 
best regards to your model.” 

“But I’m not an inventor.” 

“You are not?” X clasps his hands. “Who the hell are you 
then?” 

“I’m a robot,” is the calm answer. 

In all probability, that will be the last episode from the life of 
robots. 


2748 \WILL CYBERNETICS KILL INVENTION? 


The French psychologist T. Ribot said at the very beginning of our 
century: “As far as the ‘methods of invention’ are concerned, which 
were the subject matter of numerous learned writings, no such 
methods exist, for otherwise inventors could be fabricated by 
analogy with mechanics and watchmakers.” 

Ribot’s point of view has gradually given rise to ever-increasing 
doubts. Its apparent axiomatic air has lost ground. Invention tends 
now towards becoming a means of solving new engineering 
problems in a deliberate and pragmatic way rather than to be an 
act of random discovery. This brings about appeals for developing 
a methodology of invention, for teaching people how to invent. And 
they are being taught so in fact! You know that instruction is 
widely practised in art; a most talented composer learns the 
fundamentals of music and a distinctly original actor studies the 
guidelines for stage impersonation. 


Taking an active part in the discussions of the issue are neither 
psychologists nor those who write about invention, but inventors 
themselves. They are keen to rationalize their job, and they subverse 
the dogma about the secrets of invention. “No such secrets exist,” 
they say, and they strive to develop a methodology. Not every 
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invention results from an emotional impulse, much is done by way 
of rational reasoning, inventors claim. 

I got interested in the methodology which helps inventors. I’ve 
found the most accurate accounts about it in the books: Learn to 
Invent by G. Altshuler, The Expulsion of Six-Wing Seraphim by 
R. Bakhmatov, and How to Invent by V. Mukhatchev. 

The theory of invention, as these authors understand it, is as 
follows. An invention is a three-stage process during the course of 
which the inventor 
1. defines the problem and finds out the technical difficulties 

which prevent the problem from being solved in a known way 

(analytical stage), 

2. eliminates the difficulties by modifying a part of the machine or 

a stage of the process (operational stage), 

3. brings the rest of the parts or stages in conformity with the 
modification introduced (synthetic stage). 

In my opinion such an approach envisages that, in the first 
place, a scaffolding (methodology) should be erected in order to 
build a house (invention); in the second place, it calls for 
programming (the problem is broken up into elements); in the third 
place, it resorts to a kind of formalization, speaking in cybernetic 
parlance (a search is planned for solving the problem). 

But you know that a problem which has been explicitly defined 
and has been provided with a programme can be handled by 
a computer. 

Now then, isn’t this too far fetched? My formal deliberations 
based on sheer logic need verification. 
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I consult various works about invention, antique and modern, 
analytical and descriptive. They range from Martyrs de la science by 
Gaston Tissandier to Treatise on an Inspiration That Gave Birth to 
a Great Invention by Viadimir Orlov. And what do I discover there? 
Most of the authors think of invention as of an intricate creative 


1 process that can be broken down into simple elements. Even those 

- of them who theorize about intuition, inspiration, brain-wave and 
fortitude, nonvoluntarily debunk their own conceptions when they 
refer to practical examples. 

Even Ribot writes: “Much patience and an unyielding firmness 

are required in order to embody and put on a firm ground the 


concept of an invention that has appeared before a jubilant intellect 

as if in a halo. Mechanical contrivances appropriate for the case 
should be examined from all sides until one is found that would 
provide for a stark simplicity, for it alone can render the invention 
viable.” (Note the prosy interpretation of “jubilant intellect”.) 

And what about notorious fortitude? 

“The role of fortitude is confined to the stage of formulating 
a problem. The solution of the problem will proceed in its own 
way, a creative one,” confesses P. Engelmeyer, a well-known Russian 
patent expert and the author of Theory of Creativity. 

To convince myself as well as the reader that the adopted point 
of view is correct, I would like to cite several authors who 
dedicated all their life to creativity. 

Albert Einstein worked in a patent office for quite some time. 
He said that an inventor was a person who discovered new 
combinations of the things which had been well known beforehand. 
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To invent without knowledge was as improbable as writing verse 
without being an expert in language. 

Edison recollected that any time he had wanted to invent 
a thing, he had begun with studying everything that had been done 
in this field in the past. 

Buffon asserted that “Invention is a matter of patience. You 
have to examine a given subject with much attention for quite 
a time. Gradually it will unfold before your eyes.” 

Descartes stated that every difficult problem should be 
progressively resolved into subordinate questions which could be 
solved with less difficulty. 

The French mathematician Henry Poincaré was very explicit in 
his article “Science et méthode”: “To create, invent, means to single 
out, select.” 

The outcome, as we can see it, is all the same: knowledge, 
searching, collating, selecting. These conceptions stand close to the 
realms of cybernetics and lend themselves to programming. 

Moreover, invention can be thought of as a cybernetic process. 
We formulate the task and picture the final ideal result to ourselves. 
We do not need to know immediately what will be the way of 
arriving at the solution. 

Man seeks a final ideal result which is necessary and 
indispensable, but machine can seek as well. The machine can easily 
be taught a method of inventing which consists in collating, 
combining and putting together the things that really exist, for 
example, tested schemes, operating mechanisms. In searching for 
a solution, the machine will undoubtedly find an optimum one. This 
operation will mean for it nothing more than another method of 
data processing. 

It’s not unlikely that a specification similar to that of Lenoir’s 
engine which appeared over a century ago would be the outcome of 
a search on a computer: “The machine uses the piston patented by 
Street; it belongs to the direct and double-acting type as Lebon’s 
machine and employs the ignition by an electric spark as Rive’s 
machine. It has borrowed the cooling with water from Samuel 
Brown, burns volatile hydrocarbons as suggested by Erskine-Asard, 
and materializes Gambetta’s witty idea about a rotary distributor. It 
can draw gas and air directly due to the displacement effect of the 
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piston without intermixing them which is always hazardous and calls 
for providing pumps. That is what he (Lenoir) is entitled to patent 
and he cannot be deprived of his right.” 

I mentioned already about computer-aided design. When 
a computer is assigned the task of designing another computer, it 
may deviate step by step from the prescribed course of action so far 
that the solution it arrives at will be a far cry from the original 
idea. Such a turn of events can be paralleled with the principle of 


direct invention which has emerged from a direct empirical evolution 
of an original idea. 

A computer can be assigned to carry out an invention search. 
This means that it will conduct calculations which go far beyond 
the compass of human ability. A clue to an invention may be found 
exactly behind the wall of calculations insurmountable by man. 

Invention has already benefited from cybernetics. In this 
country, a set of programmes for use during searches for new 
designs has been developed. Concrete retaining walls of hitherto 
unknown configurations have been engineered with the aid of the 
programmes. 

What does all this mean? Wouldn’t the genius of invention be 
supplanted by computers which are inexorably logical, operate at 
a high speed and have a tremendous memory? 

As the above-mentioned Engelmeyer said “if a genius deduced 
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according to the logic of systematic reasoning, that would logically 
mean that we would solve problems of any kind by means of 
syllogisms and the so-called invention would cease to exist.” 

The point is that the inferences of a genius do not lend 
themselves to logical dissection. A general algorithm is nonexistent. 
There is no versatile rule that would provide for solving all 
problems, including those facing the inventor. Therefore, no 
automaton with a genius for invention can be produced. 

You may ask: “Well, there are machines which can invent but 
why is an inventing automaton impossible?” No contradiction exists 
in this case. It was Paster who said that as far as a researcher was 
concerned, imagination was a factor of his power, a preconceived 
notion served as his guideline. A computer has neither imagination 
nor preconceived notions. It’s disinterested in the imspirations and 
needs of society. Therefore, let it be as already said before: “Render 
unto man the things which are man’s and unto the computer the 
things which are the computer’s.” 

The computer will apparently eliminate the method Edison had 
resorted to in looking for a material suitable for the filament of his 
lamp or in producing his alkaline cell: the great inventor carried 
out eight thousand experiments in the former case and fifty 
thousand experiments in the latter one. But will it be within the 
computer’s “creative” power to determine the general trend of 
evolution in science and technology, to define the top-priority 
problem in a given situation without human assistance? All in all, 
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the computer can be a lever used to move a stone but it cannot be 
the one who has decided to do so. 

What further role can cybernetics play in invention? Most 
likely, events will take a turn from “workshop” invention to 
industrialized invention. 

If an inventor’s effort and the thing the inventor invented in 
a given interval of time could be evaluated in a commensurable unit 
of energy, it would appear that the efficiency of the inventor is 
lower than that of the representatives of other professions. However, 
it could be greatly increased by developing a methodology of 
invention which relies on the use of problem-oriented programmes 
and computers in each particular field of application. The inventor 
would then be guided in his endeavours by the formula “a result 
exists” instead of the formula “a result may exist”. 

The formula “scientist plus electronic brain equals cybernetic 
experiment” sounded odd to us some time in the past. However, 
we've gotten used to it. We will also get used to the formula 
“inventor plus electronic brain equals cybernetic invention”. The 
ingenuity to invent, which is man’s greatest invention, will rise in its 
value owing to the ingenuity of cybernetics. 
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Rolling-mill operators rejoiced at Lenin Works, Budapest, when 

a fundamental reconstruction of their shop was in progress. They 
thought that the Golden Age would arrive when one could sit at 
the control console and push buttons. But when the time actually 
came, it was far from a Golden Age. No one could have ever 
imagined that it would be that difficult: eighty six operations every 
ninety seconds. Not all could sustain such a nervous load, and out 
of the 135-man complement only twenty two operators appeared to 
be fit for the job. 

Technology has radically changed the primary character of 
labour. Man mostly exerts himself to work not directly but via 
a machine. Physical effort is replaced by control. Cybernetics teaches 
us that any control begins with gathering information about the 
Sequence of events during a given process. On being then converted 
into a form suitable for transmission over communication channels, 
the information is fed into a controller (human brain or automaton) 
for problem-oriented processing within the compass of ability of 
the controller and in accordance with certain rules. The resulting 
control signal is transmitted to a final control element. 

Thus, man controls, machine works. That’s on the one hand. 
On the other hand, machine makes new demands on man. An 
automaton relieves man from physical effort, which may be quite 
strenuous sometimes, but it also demands concentration, quick wits 
and swift reaction from man. You see now, why not all rolling-mill 
operators from Budapest were fit to push buttons. Does this job 
really pose a problem? Yes, it does. A special discipline termed 
engineering psychology studies this problem. 

A delicate and remarkable merger of engineering and 
psychology, this science studies machines, mechanisms and 
instruments in order to determine their demands on man. The 
relationship between man and the machines he has created is 
engineering psychology’s concern as well. 

Suppose we are asked why the bulk of the work force in the 
microminiature electronics industry are women? Most of us will say 
because women are more diligent, patient, attentive and, evidently, 
more conscientious than men. That’s indisputable. However, the 
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main reason is quite different. Women are better adapted to the job 
of assembling circuitry from components almost invisible to the 
naked eye than men owing to the extremely high sensitivity of their 
fingers. Furthermore, working in this trade enhances this faculty. 
Special measuring instruments have proved this. 

Engineering psychology focuses its attention on this fact among 
other things. Generally speaking, its two major concerns are human 
performance and the human factor in man/machine systems. 

Considering an individual as a channel for data transmission, 
his performance is confined to certain limits. An insurmountable 
threshold exists in every province. The scientifically validated time 
lag of human beings varies over the range of 120-182 milliseconds 
for sound, 150-240 milliseconds for temperature, 400-1000 
milliseconds for pain, and 150-225 milliseconds for a visual signal. 

Studies have revealed, however, that professional training, 
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practical experience and acquired skill are the factors conducive to 
improving performance. So, an expert grinder can see a clearance as 
small as 0.6 micron while a layman’s minimum is 10 microns. 
Textile workers distinguish between one hundred hues of black and 
steel founders, between several hundred tints of red. Artists note 

a difference in the proportions of two objects even if that difference 
is only 0.006 of the objects’ size. 

The results of engineering and psychological studies of human 
performance provide a scientific basis for improving the effectiveness 
of industrial management and developing new machinery and 
processes. 

Soviet psychologists have unearthed a very interesting 
relationship of paramount importance. The period elapsed in search 
for information depends not only on the amount thereof but on the 
number of steps in the search as well, that is on the number of 
times ‘the eyes of the operator are stopped to fix his attention on 
some things. Designers shouldn’t overlook this and must strive to 
minimize the number of steps needed in a search without decreasing 
the amount of information thus acquired. The layout of the visual 
tell-tales on a contro] panel with due regard for the functioning of 
the visual organs has the same effect as the layout of a painting; 
in either case a sensible lay-out facilitates perception. 

Engineering psychology employs a world of ways and means of 
research but the most effective ones were developed quite recently. 

Modelling was used to crack more than one intricate problem. 
Particularly rewarding were the experiments with the models of 
human operators. They have yielded information about human 
responses to signals and about the effect of skill, memory, character 
and even the motive for seeking employment on human 
performance. 

An instrument called a mental TV was developed at the 
Laboratory of Labour, Kiev. Sensing feeble electrical nerve impulses, 
it determines the mental strain sustained by the operator (a car 
driver or an engine driver, for example) on the job. Once, the 
instrument revealed an overstraining of a segment of the brain 
which processes visual information. To relieve the operator from the 
overstrain, audible signals were added to the visual signs and the 
control console was rearranged so as to supply extra information 
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via the perception by the touch. From then on, not only the 
blinking of coloured lights but also the audible signals and 

a strategical arrangement of the knobs and pushbuttons on the 
control console have assisted the operator. 

Engineering psychology is also concerned with the professional 
aptitude of man. Studies are underway to determine the professional 
aptitude of individuals and to improve it so as to enable man to 
keep abreast with the ever-increasing demands which new machinery 
makes on him. 

A person tested for professional aptitude is asked to solve 
a number of problems which progressively increase in difficulty. 
Scientists deduce from the answers the so-called progress factor 
which indicates the individual’s ability to improve his skills. This 
technique requires special instrumentation and has proved to be 
effective. It permits the selection of the right persons for such jobs 
which require, for example, exact response, quickness of wit, 
calmness of mind, and an immediate adaptability to a rapidly 
changing environment. 

People fall into two different types. Hotheads get spurred on by 
a hazard. Every time an urgent decision or an immediate action is 
required, they perform at top capacity. Others will literally throw up 
their hands in an identical situation. They can’t work when they are 
short of time or when there is any disturbing noise. They get tired 
quickly and can forget to take care of a routine task. However, this 
sort of person is very efficient when a job must be done without 
a continuous supply of information (hotheads are a dead loss in 
such situations). 

New technique will undoubtedly speed up the training of 
professional skills. This means that a man will be in command of 
high standards of workmanship while he is in the prime of his 
strength and health rather than when he is on the eve of retirement. 

Consider this example. The so-called “engineering ear” is the 
ability to sense a loss of speed by an engine from a change in 
engine noise. An expert engine attendant can thus discover 
a deceleration of only three per cent. An exhaustive study of the 
phenomenon of the “engineering ear” has enabled researchers from 
the Laboratory of Labour Psychology, USSR Academy of 
Pedagogical Sciences, to develop a speedy training of this ability. 
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Computerization has given rise to extra mental loads which 
appear to be especially straining to people who are poorly versed in 
all the secrets and regard the computer as a suspicious if not 
fearsome electronic monster. 

An operator at a computer can be likened to a workman at an 
assembly line. The only difference is that the workman can see the 
final product he has produced and the operator is totally unaware 
of what is going on inside the computer, what forces are at play 
there. It may also come about that the operator is informed of 
neither the problem posed nor the results obtained. Working in such 
complete unawareness can become an unbearable mental load and 
a problem for engineering psychology. 

Two fundamental approaches to the problem under discussion 
have emerged quite recently, a mechanocentric and an 
anthropocentric. In the former, the machine is chief consideration 
and in the latter man has the central role. The anthropocentric 
approach calls for rendering unto man the things that are man’s 
and unto the computer the things which are the computer’s. 
Considering everything in terms of human value, this approach 
focuses its attention mainly on ideas from the realms of psychology. 

It must be pointed out that the field of interest of engineering 
psychology was somewhat different during the early stage of its 
existence. Scientifically-validated optimum ways of utilizing human 
energy during work were sought. Now, the environmental factor and 
the interaction of various systems which range from climate to 
biological rhythms are scrutinized. 

In other words, the science has expanded its bounds, it has 
changed. It evaluates human potential in light of psychological, 
physiological, social and economic criteria, seeks ways of optimizing 
man/machine and man/environment relationships in working 
conditions. Briefly, every constituent element of any system is 
adapted to serve His Majesty the Man. Still more briefly it may be 
said that the system man/machine/environment is analyzed. Or, in 
a nutshell, the object of studies is ergonomics. 

We know now the scope of responsibility of the new 
science —engineering psychology. It has been outlined during our 
attempt to answer the question whether the pushing of buttons is 
an easy job. The role of engineering psychology will continuously 
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increase along with progress in technology, with the growing 
complexity of the world of machinery, with the manufacture and 

; practical application of automata on an ever-increasing scale. Human 
behaviour in a man/shovel system is evidently quite different from 
that in a man/power shovel system. Likewise, the ways of reasoning 


in man/computer and man/abacus systems have nothing in 
common. 
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WRITER. We are given life under the precondition that we shall 
gallantly defend it to our last breath. It’s worth working for the 
sake of this, for the sake of man’s victory over nature, for the sake 
of his health and longevity, for the sake of living a happy life on 
earth. 
GENERAL PRACTITIONER. What is the main task put before medicine? 
Speaking in general, our task is to protect man against 
disease-producing effects of the environment and to maintain the 
crucial functions of his organism at a level which provides for his 
vitality. 
MATHEMATICIAN. As far as I am concerned, medicine looks like 
a cornucopia of unsolved problems. The main advantage of the 
mathematical approach is its versatility. A given analytical method 
which has been developed to solve a given problem can be applied 
to solve any other problem characterized by a similar functional 
relationship. 

The mathematician thinks, for example, of chemotherapy as of 
a kind of problem which he solves by simulating a mathematical 
model of chemotherapy on the computer. The model is conceived so 
as to treat the human organism as an input/output system 
applicable to which are the generally known principles of 
mathematical economics. 
PHysIcisT. Action current have been traced in living organisms. In 
a rough approximation, living cells are generators which produce 
weak electrical impulses. All functions of human organism such as 
the throbbing of the heart; breathing; the contraction of the 
muscles, the kidneys and the stomach leave their signatures on the 
long paper tapes of electrorecording instruments. The brain too, 
leaves its autograph. The electric charges give him totally away. 
Many diseases have obtained their identity cards in this way. 

Physics has armed medicine with electronic microscopes, X-rays, 
low- and high-frequency currents, ultra-violet and infra-red rays, 
spectrography, radio electronics, closed-circuit TVs, computers, and 
automatic control systems. Medicine misses no chance to capitalize 
on such innovations as aerosols (drugs administered in the form of 
charged particles), radioactive isotopes, ultrasonics, cryogenic 
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engineering, optical fibre, computorized tomography, physiological 
process simulators. 

writer. At times we wonder: what are such an abundance of 
instruments for? Do all these technicalities really serve a useful 
purpose? What sense is there in adding a TV set to an X-ray unit? 
Is just one screen insufficient? A theatre of shadows which often 


takes a tragic trend is staged on the X-ray screen in front of the 
physician. A thorough understanding of all events of the drama is 

a must. Unfortunately, the plot is sometimes vague, for the X-ray 
shadows form a world of blurred boundaries and indistinct 
contrasts. To acquire power over the shadows at all costs is 
frequently the roentgenologist’s dearest desire. 

GENERAL PRACTITIONER. To acquire power over the shadows means to 
do away with ignorance. Medicine can be thought of as control 
which is excercised over an ailing organism with the purpose of 
restoring it to its normal condition. This is a problem from the 
realms of cybernetics, from the domain of the science concerned 
with control and communication. But the control of machinery has 
so far little in common with the curing of patients. The cornerstones 
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of engineering are precision and calculations. The efforts of 
physicians are approximate. Nevertheless, most of our patients 
recover from their illnesses. Does this imply that no better accuracy 
is needed? That might be true, but to some extent only. Human 
organs which have been seriously damaged due to illness can be 
reconditioned by an accurate and comprehensive treatment only. The 
physicist is helpless in such cases without accurate methods and 
means of evaluating the state of the patient’s health and monitoring 
the progress of his treatment. This is when cybernetics comes in. 
MATHEMATICIAN. Many biologically regulated processes require 
instruments which will help to find solution in those cases when 
controllable physical processes are well known, known to some 
extent, or are totally unknown. The mathematician can determine 
the probability of any diagnosis and find an appropriate treatment 
by applying the method of successive decisions which is based on 

a logical singling out of possible diagnoses. No treatment can be 
prescribed without diagnosis. But several treatments may exist as 
well, and the right one must be selected under various conditions 
that can be described as indisputable, uncertain, or risky. Quite 
frequently, before a definite diagnosis exists, the sequence of 
diagnosis /treatment cycles is determined by means of dynamic 
programming. An attempt to realize all these recommendations will 
undoubtedly call for using a high-speed computer. 

wrITER. The job of the physician as well as that of the writer are 
characterized by periods of routine work and culminations. At that 
point, a brainwave elucidates a salutory way of solving his problem 
to the clinician and the anatomy of a future book to the author. 
According to Edison, an invention is made of 99 per cent 
perspiration and 1 per cent inspiration. The computer's share in 
coping with the 99-per cent fraction of the job will undoubtedly 
increase with time. But won’t the remaining 1-per cent portion ever 
fall to the lot of the computer? Won’t the flair and the insight cf 
the genius lose their significance? 

GENERAL PRACTITIONER. Do you want me to answer this question 
also in terms of per cent? Quite impressive are the statistics about 
the diagnoses of breast cancer. A total of 257 patients, about half of 
them with malignant tumours and the rest with benign ones, were 
examined with the aid of a computer. The preliminary bedside 
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diagnoses were 78 per cent correct and 5 per cent incorrect. The 
rest of the cases were doubtful.. The computer answers were 97 per 
cent correct and 3 per cent incorrect. In another experiment, when 
a programme with “don’t know” answers was used along with “yes” 
and “no”, the computer diagnosed correctly in 90 per cent of the 
cases and incorrectly, in 0.7 per cent. The rest of the answers were 
“don’t know”. This meant that additional examinations were 
necessary. 

One more example. Consultants disagreed about a heart disease case 
involving a young male patient. Some believed that the defect was 
in a ventricle, others were doubtful and suggested a repeated cardiac 
catherization (a very unpleasant procedure). The computer diagnosed 
the case as the stenosis of pulmonary artery and an atrial septal 
defect. The operation was done on an atrium, not ventricle, and it 
proved the computer correct. Thus the machine has begun to argue 
with man. Computer-aided diagnosis of congenital heart disease 
cases is now standard practice. No open-heart surgery is 
contemplated unless the computer has been consulted. 
MATHEMATICIAN. The use of computers does not imply that the 
physician delegates his functions to the machine. It is just the other 
way around. The machine challenges him, urges him to raise his 
educational standard. New methods should be mastered to enhance 
his professional training. An extra strenuous effort is the price of 
accurate diagnoses and effective treatments. 

Computers accessible to general practitioners and medical 
installations in every district can serve the needs of national health 
services. They gather, process and transmit information. Peripheral 
computers are connected to centres which gather information for use 
in research and elsewhere. In operation are thus not individual 
diagnosing machines and diagnosing centres, but medical networks. 
Similar organization exists at a more sophisticated level in air 
defence and weather forecasting. 

A computer installed at a large hospital that takes care of 
thirty thousand patients per year can speedily and accurately solve 
all medical and managerial problems. It processes a host of 
information coming in from offices, accounting departments, 
operating rooms, patient wards, dispensaries, and even the kitchen. 
The computer can provide a full account of every patient at any 
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time. The electronic case histories are started as soon as a new 
patient is admitted into the hospital and are updated every day. 
ENGINEER. To provide the hardware that would serve to materialize 
all these concepts and theories is the task of the engineer. He raises 
biomedical technology from the things that exist in engineering and 
are known in science. That’s a task never heard of before. He works 
hand in hand with the physician, the mathematician, and the 
physicist. A new profession has appeared on the scene, the so-called 
medical engineer. What should he know and what should he be 
good at? That’s a difficult question, for the scope of his 
responsibilities is very wide. Mechanization and automation of all 
known sorts are used in the operating room. Technologies of all 
kinds virtually overload it. Electronics fighting for human health, 
this formula creates an imposing picture. But as a matter of fact, 
the surgeon and his assistants gasp for breath in the operating room 
which is packed with equipment. But the information is so plentiful 
that it cannot be summarized by the personnel. The alternative is to 
join the isolated items of the equipment into an automatic 
data-processing complex that would trigger various crucial medical 
procedures, such as artificial circulation, artificial respiration and the 
like, on its own accord in due time depending on the patient's 
condition. Electronics is thus turned into a precise and indispensable 
instrument operated by the medical engineer. 

GENERAL PRACTITIONER. Summing up, three tendencies exist in modern 


medicine. Firstly, there is a distinct trend towards specialization 
accompanied by rapid progress in every branch. Secondly, new 
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professions come into existence and new fields of research are 
established due to discoveries in certain domains of physics, 
chemistry, and biology. Thirdly, medicine is geared to technology on 
an ever-increasing scale, capitalizing on technical innovations. 

. In this situation, every engineer, chemist, physicist, biologist and 
mathematician must exert himself to his task only as a helpmate of 
the physician. None of them, even the most talented persons, should 

; work in place of the physician; they all should work in company 

with the physician. 

The surgeon who not only fiddles in his spare time for 
exercising his fingers but is a radio ham as well strives thus to be 
of more help to his patients. A prescription which the physician will 
write out tomorrow in engineering parlance rather than Latin, using 
such terms as voltage and frequency, will be the physician’s 
prescription all the same. The physician himself will cure and 
everyone else will help him. The physician and medicine will remain 
as they are. 

FOOTNOTE. The discussion between the general practitioner, 
mathematician, physicist, engineer and writer reflects the opinions, 
viewpoints, statements and proposals of N. Amosov, Academician, 
Ukrainian Academy of Sciences, Lenin Prize Winner; P. Anokhin, 
Academician, Lenin Prize Winner; V. Akhutin, M Sc (Eng); 

A. Bakulev, Academician, Lenin Prize Winner; R. Bellman, RAND 
Corporation, USA; A. Berg, Academician; N. Blokhin, Academician, 
President of the USSR Academy of Medical Sciences; S. Botkin, 
physician; M. Bykhovsky, D Sc (Eng); A. Vishnevsky, Professor, 
Lenin Prize Winner; V. Gorodilova, Professor; Maxim Gorki; 

E. Javadian, DM; Charles Dickens; R. Calab, RAND Corporation, 
USA; R. Kaminir, Eng; P. Kunin, M Sc (Phys & Math); L. Lusted, 
Rochester School of Medicine, USA; R. Ladley, National Biomedical 
Centre, USA; A. Maurois, writer, France; A. Nudelman, D Sc (Eng); 
V. Orlov, writer; I. Tager, Professor; A. Trousseau, physician, France. 
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ON LONGEviTy. How to always be healthy and lengthen man’s life 
span is the most fascinating problem and one of very long standing. 
Ever since the times of ancient medicine, people have been 
recruiting the support of every novelty in their struggle for 
longevity. In the early days, they relied on “tangible” 

sciences— biology and chemistry. Nowadays, people turn their 
attention to abstract disciplines—mathematics and cybernetics. What 
are their chances of staying young? 

Primitive man couldn’t survive longer than 19 to 21 years. In 
ancient Rome people scraped along up to 24, and during feudalism 
they survived up to 31. In this country, the average life span rose 
from 44.3 in 1926 to 68 in 1959. Today it’s 70 and holds out the 
promise to surpass 100 in the near future, and who knows what 
next..3 

Before trying to answer this question, let’s scrutinize the existing 
situation. 

Two concepts of longevity currently exist: potential longevity 
and average longevity. The former is thought of as the maximum 
possible life span. Different sources claim that potential longevity is 
112 or 124 years. 

A Jean Térel was born in Dijon in 1684 and joined the army 
at the age of 16. Promoted to the rank of captain by Louise XVI 
in 1777 at the age of 93, Térel retired during the Napoleon’s reign 
at the age of 118. He passed away in 1827, being 142 years old. He 
lived from the 17th through the 19th century. 

Zaro Ago—a Turk—breathed his last at the age of 156, and 
Zoltan Petraj—a Hungarian—at 186. Some people argue that there 
are no ways of proving these examples. Nevertheless, numerous facts 
of outstanding longevity can’t be denied. Academician Bogomolets 
had good reason to assert that the natural life span of man is 
150 to 160 years. 

Old-age contemporaries have proved this. Ranking first among 
them is the Iranian Mohammed, Abu who was 180 in 1970. 
Provided his memory failed him not, he had married his last wife at 
the age of 160 and had 170 grandchildren. Baksh Ali Sabzy, also an 
Iranian, is another of the world’s wonders. He married a woman of 
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30 while he himself was 140. She had given birth to a boy who was 
just one month old when Sabzy’s firstborn son was 87. 

Medzhid Agaev, a native of this country, celebrated his 140th 
anniversary on 2 February, 1977. He was a contemporary of both 
Pushkin and Gagarin. If his grand-grand-granddaughters were to 
walk the earth as long as he, they would live during the 20th, 21st 
and 22nd centuries. 

The three old-age celebrities from Luxemburg, the sisters Julie, 
Marie and Léonie Kirsch, turned 96, 94 and 91, respectively, on the 
same day. Their total age was 281. 

All the inhabitants of an Ecuadorian village were centenarians. 
Their aggregate age was 1573. 

But the county seat of patriarchs is in fact in this country. 
Nagorny Karabakh, a small region in Azerbaijan, boasts as many as 
185 centenarians. 

Centenarians as a rule lead an active life. They work and raise 
children. Some of them even break records. Tchifu Njiri is 
a 107-year old Kenyan who has 111 children and 4000 
grandchildren. His compatriot Akoukou Oselava has 105 offsprings. 

The great musician Pablo Casales presided at the party 
celebrating his 93rd anniversary along with his 30-year old wife. 
When asked whether the 150 guests seated around the table weren't 
tiring him, he retorted: “Never, ’'m the same as I was fifty years 
ago.” 

The life span is one of the most captivating mysteries. To find 
a clue to it, is everyone’s dream. Finaud writes in his La philosophie 
de la longevité that every person nourishes in his heart the hope to 
become a longevity champion, being thus likened to Napoleon’s 
soldier carrying a Field-Marshal’s baton in his knapsack. 

Incidentally, bees are notable for their longevity. Worker bees 
and the queen hatch from the same eggs but the former survive six 
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weeks in summer or seven months in winter while the latter reigns 
for six or seven years. The human equivalent is 50 and 2500 years, 
respectively. 

We are curious of course about average longevity and care little 
about the records. It’s much easier to be classed as average than to 
join the community of old-age champions. All the more that average 
longevity tends to increase whereas maximum longevity will remain 
unchanged for quite a time. 

Average longevity is sought of by scientists as an average 
number of years that the individuals born in a given locality at a 
given time will live. Paraphrasing, average longevity is the life 
expectancy at the moment of birth. 

The first graph of average longevity was plotted in the 17th 
century. It showed that people lived then 33.5 years on the average. 

In Europe, the early records of death dated back to the 1870's. 
From 1871 to 1881, the average longevity was 37 years; between 
1924.and 1926 it rose to 57.4 years and reached 66.5 years during 
1949-1951. The rate of increase was 0.4 years per decade up to 
1890, but then took a sharp jump. 

In Russia, the average longevity was 32 years in 1913. In Soviet 
times, it has increased almost twofold. Nowadays, nearly every 
mother in the Soviet Union can be confident that her child will get 
pleasure in living up to the age of 70. 

We must wake up, however, to the fact that average values can 
be misleading, some of the peculiarities can be omitted due to 
averaging. The people of this country have gained twenty odd years 
on death during this century. But not all of them have benefited 
equally, females have gained more than males. In 1958, 

a fifty-year-old woman could have expected to live still as many 
years as her thirty-year-old predecessor could still have lived in 1900 
or a twenty eight-year-old one, in 1850. 

Numbers are tiresome. But I can’t refrain from mentioning two 
more figures: 73 and 67. That’s the life expectancy of the girls and 
boys, respectively, who are born in the USA now. 

Paradoxically as it is, but in industrialized countries where the 
population is predominantly urban, oldsters account for a greater 
share of residents than elsewhere. In France and Japan, 16.2 per 
cent and 7.8 per cent, respectively, of the population are the people 
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over 60 as compared with 3.4 per cent and 5.6 per cent in India 
and Mexico. This trend is growing stronger. 

In this country, the average longevity is around 701/2 years. 
We have almost 3 million octogenarians, including 300 thousand 
nonagenarians, and some 20 thousand centenarians. 

People live longer now than at any time in the past. They have 
added extra years to their life but how can they acquire extra 
vitality at their age? Every sexa-, septua- and octogenarian must be 
an able-bodied efficient community member rather than 
a personification of average longevity. 

We aren’t the first to raise this question. Hardly any other 
science abounds in hypotheses as much as gerontology and 
geriatrics. When we say “ageing”, we do not realize that this is 
a problem which is taken care of by two disciplines simultaneously. 

Ageing is the domain of gerontology, a science which dates 
back for millennia. It studies the fading of the human organism. 
Standing abreast with gerontology is geriatrics, which is a new 
branch of medicine. Its concern is the study, prevention and 
treatment of disorders that occur in old age. 

Old age is a state of our organism which is well known and 
needs no explanation. Our bodily deterioration means the onset of 
ageing. An encyclopedia says: “Ageing is an inevitable condition 
which is the outcome of continuous biological changes constituting 
the process of life.” 

When does old age begin? Gerontologists believe that it begins 
after 75. Preceding it are middle age (45-59) and maturity (60-74). At 
90 and onwards we come under the category of patriarchs of old age. 

Generally speaking, we pass the peak of muscular strength at 
the age of 20-30. Our reproductive function hits its maximum during 
the same period and so does sexual activity. These functions decline 
linearly after that as we live towards our old age. 

Everyone who lives in this highly intellectual world is interested 
to know what effect old age has on our intelligence. Studies have 
revealed that it gradually degrades due to the time-dependant 
changes in the metabolism of the brain. Affected in increasing order 
are the ability to comprehend directly ideas and facts; logic 
memory; associative memory. These changes progress much more 
quickly after the age of 45. 
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Our reasoning ability degrades as well, but in its own way. If 
this ability at 20 years is taken at 100 per cent, it becomes 80 per 
cent at 50 and 75 per cent at 60. 

Professional writers strive to enlarge their vocabulary. Nature 
has given them a present, for age doesn’t affect our ability to learn 
and remember. It may even improve in elderly intellectuals. 

We must confess, however, that the general situation is far from 
being encouraging. An early onset of ageing bereaves us of our 
essential functions without which we can’t live a full intelligent life. 
You know that we loose one half of our efficiency between the ages 
of 41 and 71, that is during the period of apparent wisdom. 

TWO HUNDRED HYPOTHESES. There is hardly any other problem of 
such long standing as the problem of old age. It has attracted 
the attention of physicians and alchemists, priests and magnicians. 
The fact that the mechanism of ageing is explained by over two 
hundred hypotheses is a vivid indication that the issue is far 
from ‘clear. 

The problem has been attacked from all sides. Old age was 
attributed to disturbed blood circulation, the degeneration of sexual 
glands, changes in connective tissues. 

A. Weismann has theoretically proved the inevitability of death. 
He thought that ageing is caused by degenerated cell reproduction 
in human organism. 

I. Metchnikov has advanced the intoxicating theory of ageing. 
He writes in Studies of Optimism that the products of the 
metabolism in our body and the products of the metabolism of the 
germs in the large intestine have a toxic effect. 

More resolute people ceased to theorize and resorted to 
practical steps. Ch. E. Brown-Séquard self-injected fresh extracts from 
the testes of dogs and rabbits during his rejuvenation experiments. 
O. Steinach, an Austrian, used surgery; he dissected and legated 
egestorial canals in order to stimulate in his patients the growth of 
interstitial cells. The implantation of sexual glands from manlike 
apes and young men to old people caused much clamour in Paris 
in 1912. 

The 20th century saw numerous rejuvenation attempts. The 
stimulants used in experiments were thyroid and pituitary glands, 
compositions prepared from pituary, adrenal, and thyroid glands. 
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Academician Bogomolets detected the metabolism-controlling and 
germicidal effect of connective tissues and prepared a serum which 
was an extract of spleen and young people’s marrow. 

Old people were treated with hormones, vitamins, tissue 
extracts, procaine, petroleum growth stimulant (PGS) and “the water 
of life’ produced by melting snow or ice. In vogue was thymus 
gland extract (TGH) which was said to produce miracles, and it was 
claimed that dehydro-epiandrosterone (DHEA) could check ageing. 

Prolonged fastening was believed to be a radical treatment 
which kept us safe from “burning away in the flames of fat”. As 
a matter of fact, diet is a factor of paramount importance. It 
controls the chemical processes that take place in our body, 
influences our sleep, appetite, instincts, and behaviour. 

Fresh air was thought to be effective. Its known that 
mountaineers live longer as a rule than the inhabitants of plains. 
Oxygen therapy was also resorted to in the belief that oxygen could 
change the chemical processes in the brain and prevent the sclerotic 
narrowing of blood vessels. Pollen was used as a natural source of 
health and rejuvenation with the expectation that it would eliminate 
deficiencies in vitamins, amino acids, macronutrients and trace 
elements, inciting thus metabolism. 

An idea that the nervous system might provide a clue to lasting 
juvenility was suggested after some studies. 

The discovery of action potential, which could be amplified, 
created new hopes. A bioelectric stimulator was developed in the 
Ukraine in order to control the functioning of the nervous system, 
muscles and organs. The inventors claimed that the instrument could 
effectively control biochemical. reactions in old people so that they 
would parallel the metabolism of the young. 

Sleep therapy was thought to be a cure. Since it’s known that 
sleep fosters rehabilitation, scientists pinned their hopes to sleep as 
a means of preventing premature ageing. They also tried to 
eliminate the symptoms of ageing on the basis of the data acquired 
from studying the effect of sleep on the cerebral cortex. 

Attempts were made to check ageing by lowering the body’s 
temperature. It was postulated that a decrease in temperature by 
1-2°C would prolong life up to 200 years and a body temperature 
of 33°C would enable man to live up to the age of 700. 
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Many of the rejuvenation hypotheses settled down on the 
shelves of the history of medicine. But new philosophies superseded 
them. 

People pondered over the chance to delay ageing by exposing 
the human organism to weightlessness and other exotic 
environmental factors of outer space. 

The problem of growing old is tackled now from the standpoint 
of physics. The general tendencies of the mechanism of growth and 
ageing are studied in the light of the thermodynamics of irreversible 
processes. 

A slowdown in protein synthesis is believed to be one of the 
causes of ageing. The tissues of the elderly suffer from a deficiency 
of nucleic acids which control protein synthesis. A lack of effective 
protein impairs the self-renovating capacity of tissues and cells. 
Special compounds now under development might eliminate the 
ill-effects of slow protein synthesis. 

Scientists strive to find the sinister “death hormone” in our 
organism. Success will mean the first step towards producing 
a longevity drug. Researchers claim that if they could reactivate in 
adults the immunity of a 10-year old youth, who is in the most 
healthy period of his life, then they would be able to extend human 
longevity to 200-300 or even 400 years. 

But what about the mythical or even the phantastic elixir of life 
praised in legends? Does it exist? Those who study biological 
stimulants are positive about that. At least, they say, the elixir will 
exist. 

The hour when we are doomed to get old is genetically fixed in 
our organism. But the instant when this hour will strike can be 
changed by influencing our genetic material. There is evidence that 
programmed ageing of cells has been proved experimentally. This 
means that our ageing is controlled by a “genetic clock” which ticks 
in Our organism, writing a programme for our life from the first to 
the last day. If a key is found by means of which the “biological 
clock” could be set at our will, the execution of the programme 
could be apparently slowed down. 

Ageing is brought about evidently not just by one factor. But 
we don’t know them so far. Therefore, old-age remains to be 
a domain which is largely inexplicable and beyond human control. 
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What a pitty that we can’t parry Shakespearean thousands of 
strokes that hit our flesh! 
What is certain of one thing: to lengthen life means not to 
shorten it. But in what way? The patriarchs of old age are 
a helpful present that nature has given us. They are a kind of 
; model of physiological ageing in cybernetic parlance. The studies of 
! the model have shown that the dreams about old age without 
senility might come true. 

The centenarian Makhmud Ayvasov who died in 1960 at the 

age of 152 said: “In all disputes about the secrets of longevity, my 

. age is my ally.” He claimed that a trained body, strong nerves, 
a good temper, correct diet, climate and everyday work are the 

| secrets of longevity. 

Skeletal muscle activity of all kinds stimulates our organism to 

| make progress. Physical effort increases its working potential. 
Scientists say that exercise “prolongs youth and consequently life 
itself, for it requires energy and causes an accumulation of energy in 
our organism”. 

Systematic mental activity is also essential as a factor promoting 
health and longevity. The brain must work but without 
unreasonable preoccupation, nervousness, haste, and bustle. We must 
train our memory in order to exercise the neurones and vessels of 
the brain. A reckless devouring of information of all kind should be, 
however, avoided because it literally overwhelms us. 

Our psyche greatly influences our health and longevity as well. 
Good social behaviour, sound emotional! relations with others are 
thought to be factors which have effect on ageing. A person who 
can readily adapt himself to a changing environment and resist 
stressful situations will probably live long. Quarrelless family life, 

a sound social atmosphere at work, occupational accomplishment, 
adequate housing, fulfilment of personal requirements, a spirit of 
mutual assistance between relatives and friends work for longevity. 

The person who indulges in leisure and idleness, especially when 
old, in anticipation that a medicine will appear which will prolong 
his life, is not the one who will live long. That will be the one who 
strives to work effectively. 

The multifold activities the modern man is engrossed in have 
notably increased his longevity. His mental and physical efficiency 
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has significantly increased not only in middle age but in old age as 
well. His contribution for the benefit of society grows. This all 
creates the prospect of adding extra years of effective work to our 
life span in old age. 

In conclusion, I feel it my duty to touch on an event which 
seems to be a brilliant illustration of the above deliberations. 

I presented Marietta Shaginyan—our venerable writer, my 
teacher and mentor—with this book when its first edition had just 
appeared. She read the chapter devoted to old age on the spot. She 
then took a copy of her voluminous Foreign Letters from the 
bookshelf and inscribed in a clear, even handwriting without 
faltering: 

“To Victor Pekelis, with love. Will you show me this in 
eighteen years (I hope that the instructions from your book 
on cybernetics will help me to stay alive that long). 


Marietta Shaginyan, 26 November, 1970.” 


It will be known, that she was over 80 at that time. 

Shaginyan’s philosophy about age in general and old age in 
particular deserves attention. She was “an encyclopedist our epoch 
is so in need of” as Nikolai Tikhonov, a prominent person in 
Soviet literature, once described M. Shaginyan. 

“For a person at various stages of life—childhood, 
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adolescence, maturity and old age—the most fascinating thing is”, 
she said, “that every time he comes to pass into the next period 
of his life, he feels as if he has been always as old as at that 
very moment. As far as I am concerned, the wonderful feeling of 
being young persisted almost until recent times. I could run, 
strolled for up to twenty kilometres a day without getting tired, 
and my emotions were very youthful”. 

M. Shaginyan formulated the wise law of going easy with our 
age: “Never panic and get angry at nature. All my life I have felt 
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myself as young as I do feel now that I’m old. That age of mine 
is attractive in its own way as well”. 

; MAN'S OVERHAUL. We have become nature’s masters. Our intellect 
has acquired so much power that we can hold rains on our 
organism. The progress in science is so great that we can afford 
not only to sustain the effect of various factors but to enter our 
organism directly with the daring intention of replacing a part of 
it or some of its organs. 

Have you ever heard that spare parts are available for people 
as if they were machines? A set of “engineering miracles” are 
kept in stock by medicine in cooperation with other science. 
Among them are 

false teeth; 

joints in metal, plastics and resins; 

artificial backbone; 

Silastic lower jaw; 
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plastic hip; 

muscles in resilient plastic fibre; 

skull defect-mending lamellae; 

tantalum and nylon gauzes for “repairing” abdominal defects; 

gullet and windpipe prostheses; 

blood vessels woven or knitted from biologically inert plastics; 

cardiac valve prostheses; 

pacemakers which stimulate the heart for years depending on 
the load it sustains; 

artificial water- and gas-permeable skin not rejected by live 
tissues; 

glues that stick damaged organs and tissues together; 

action potential-controlled arms and microelectronics-controlled 
limbs ; 

portable artificial kidney; 

pancreas prosthesis; 

liver prosthesis; 

alloplastic cornea; 

acrylic lens. 

Functioning visual prostheses, that is electronic “eyes” of 
various types that can see, have been developed. Electronic “ears” 
whose perception is 75 per cent that of their live counterparts are 
in existence. 

Ingenious surgically-implanted vocal cords are in use. 

Artificial blood is produced now for practical application. 

Modern instrument makers, not fairytale magnicians, have 
provided man with the artificial lung. 
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People have managed to find a helper for the restless toiler, 
our heart. Should the heart get tired, suffer pain and need some 
“servicing”, it can be disconnected for a repair. In the meantime, 
an artificial heart external to our organism will pump blood 
through the vessels. 

Medical personnel aren’t content with such a replacement any 
longer. They have succeeded in substituting a “blazing engine”, as 
the song goes, for the heart. The first experiments have been 
successful. The ultra-miniature engine operated in a live human 
body for hours and weeks. 

An operating model of a nuclear “heart” has seen the light of 
day. A compact lasting isotopic source generates heat which is 
then transformed into mechanical energy to carry the blood 
circulation load. 

An artificial heart has made a noise in the world. The 
metal-and-plastics apparatus actuated by the compressed air from 
a separate compressor was used to pump blood through the 
American patient Barney Clark, 61, for 111 days, 7 hours and 53 
minutes. The artificial heart totalled 12912400 throbs at 
a specified daily rate of 100 thousand beats. 

This was a scientific experiment of world-wide recognition, 

a novelty which broke fresh ground for a long-term programme 
of developing and testing reliable and lasting apparatus to 
substitute the living heart. 

An electronic prosthesis of human short-term memory is 
really a fantastic project. It can carry out simple but vitally 
important programmes of behaviour. An electronic neural 
prosthesis intended to help reactivate organs which have lost their 
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functions due to spinal cord damage sounds almost like fictitious 
novelty as well. Polymer materials which can be implanted into 
tissues without being rejected are welcome guests in the “human 
repair” workshop. The results of experiments with plastics that 
don’t interfere with metabolism and can operate in contact with 
living tissues provide good reason to believe that artificial 
substitutes for living structures will appear in due time. An 
artificial bone of a composition that differs but little from the 
composition of natural bones has already been created. 

There is little doubt that prostheses which have no 
natural prototypes will also be invented. Biochemical prostheses 
are under development. Specialists conceive them as tiny capsules 
which are filled with concentrates of vitamines or hormones and 
are each provided with an electronic feeding device. They can be 
used as substitutes for damaged exocrine and endocrine glands. 

The first-aid service is conventional now. Won’t the time 
come to inaugurate a human-repair service? To remove a worn 
away organ from the patient’s body and to replace it with a new 
organ is a surgeon’s age-old dream. 

“It’s good that God created man so that he wouldn’t need 
spare parts, or otherwise where would we get them?” is a mean 
trick now in vogue not at all without reason. Electronic 
pacemakers alone, which were implanted all over the world by 
1974, totalled 200 thousand. And how many other man-made 
devices were “fixed in”? 

It’s believed that at the turn of the century every crucial 
human organ except the brain will have an artificial substitute. 
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But this may be just a conjecture, for a new technique of joining 
nerve fibres has been developed. It enables the nerve to grow 
together and resume normal functioning. Integrated circuits made 
up of individual molecules are in existence. They can be used as 
building blocks of a neural device which can be connected 

. directly to the nervous system. 


As a prominent surgeon remarked one day, the stratum of 
our civilization—when this will be brought to light by the 
archeologist in two centuries from now-will reveal stainless-steel 

: hip joints, Teflon cardiac valves, Dacron aortas, and acrylic lenses. 

| Optimists from the medical and biological professions predict 
the advent of a “bionics-embodying” man. The bulk of his organs 
will be artificial devices operating “in the image” of their natural 

counterparts. 

The problem of “human overhaul” can also be tackled by 
means of grafting—a technique of replacing damaged organs with 
healthy ones taken from donors. 

The well-known pathophysiologist from this country 
V. Demikhov believes that it is already feasible to replace all 
irreversibly damaged organs in the human organism with grafts. He 
reckons that such project should be given top priority in human 
life-preserving programmes. 

Our organism isn’t eternal. We can’t outlast any of its crucial 
organs. We can, however, live much longer than we do now if we 
undergo “check-ups and minor repairs” as well as “overhauls” at 
regular intervals and with due expertise. 

A curious thing is that not all organs of our body start to 
deteriorate at the same time. Therefore, their “physiological age” 
may differ. A 40-year individual may have, for example, a 50-year 
old heart, a 50-year old liver, 30-year old muscles, and a 99-year 
old brain. A medical checkup of an apparently healthy girl of 17 
revealed that her heart and brain were as old as those of 50- and 
70-year old women, respectively. The renewal of a prematurely aged 
organ would probably extent the life span in such cases. 

In September 1967, two pancreas transplants were demonstrated 
at the Vienna World Surgical Congress. Papers on the transplanting 
of lungs and the liver were also read there. Kidney transplants are 
no eyeopeners any longer. Some surgeons have carried out scores of 
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such operations successfully, and many patients walk the earth with 
kidney grafts for years. 

What may be called piecemeal heart renewal is a technique for 
replacing defective cardiac valves by grafts removed from pigs and 
sheep. It’s being widely practised now, permitting victims of certain 
heart diseases to enjoy life longer. 

According to the 1971 world statistics, there had been 5000 
kidney transplants; grafts of livers, lungs and pancreases were 
successfully implanted in 110, 25 and 30 cases, respectively. A single 
transplant of the heart and lungs was on record then. 

By 1975, the number of kidney transplants rose to 19000, 9000 
of them had good luck. One of these cases received his new kidney 
nearly two decades ago. In 1983, twenty two heart-and-lung 
implantations were made both in men and women. Twelve persons 
pulled through. The survival rate of the patients who have received 
renal grafts has increased to 90 per cent now. 

Transplant surgery is resorted to on a mass scale these days. 
According to the 1974 estimates, around one million pancreas grafts 
were required in 1980 in the USA only. 

Bone marrow implantations to treat leukaemia, certain forms of 
anaemia and other illnesses were reported. Experimental intenstine 
transplants took place. 

The first successful heart transplant was watched by the world 
with bated breath. It was an outstanding piece of 
health-reconditioning surgery. On 3 December, 1967, a man of 50 
received a young, vigorous heart graft which had been removed 
from a woman of 25. The heart of the stranger throbbed in the 
recipient’s chest day after day for some time. Although the man 
eventually passed away, could anything else prove our deliberations 
about “human overhaul” more convincingly than the fact that this 
surgery was successful? All the more that other successful heart 
transplants followed in the wake of the original one. Towards the 
end of 1968, their number rose to eighty six, including two 
retransplants and one triple transplant. This means that two patients 
survived each with a third heart in their chest and one patient went 
on living with a fourth heart. Who knows, the person who received 
four hearts in succession (one heart of his own and three heart 
grafts) might still be walking the earth. 
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A boy of 14 was grafted with a healthy heart to boost his own 
weak heart. Two years later, his own heart stopped and was 
replaced by another graft. Thus, two heart grafts went on throbbing 
in the youngster’s chest. 

Philip Bleiberg, the famous patient of Professor Christian 
Barnard survived on a heart graft for nineteen and a half months, 
or 584 days. 

According to a press report of 1971, forty patients with 
implanted hearts continued to live for over a year and six patients, 
for over two years. Louis Russel, 49, a Negro, and Charles 
P. Johnson, 61, a white man, were nicknamed “the 20th century's 
miracles” by the press. They kept afloat for six years after heart 
transplants. Betty Anick, 50, got on for eight and a half years. 
Dorothy Fisher of Cape Town celebrated the eleventh anniversary of 
her resurrection in April, 1980. William Buren, the fifty-year old 
American who had been given a heart graft in 1970, was reported 
to be alive and kicking in April, 1983. But the title of the patriarch 
of survivors of heart transplants goes to the Frenchman Emmanuel 
Vitrier. who received a heart graft in Marseilles in November 1968 
at the age of 50. Word came from Paris on 27 December, 1981 that 
this old gentleman was still alive. 

To be on the safe side, I use the past tense in referring to the 
heart transplant cases. Their number is unknown, and some of them 
may still be alive. 

This applies to the Briton James Greenal, 32, who is the 
youngest heart graft recipient. A normal child of his born 16 
months after the surgery was a convincing proof that the father was 
in good health and led a life free from limitations. 

By 1974, heart transplant surgeries totalled 219, granting life to 
36 persons. In a year, these statistics rose to 271 and 47, 
respectively. Fourteen survivors kept their soul and body together 
for over three years and eight persons, for at least five years. 

The decade between 1967 and 1977 saw over 300 heart 
transplants. A happy end was recorded in 63 cases. In other words, 
almost every fifth patient was resurrected. The average period of 
survival was 300 days. 

Professor Christian Barnard, the pioneer of heart transplants, 
said that he could guarantee that 7 per cent of his patients would 
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survive less than a year; 5 per cent, two years; and 3 per cent, five 
years. 

In fifteen years, his estimates proved to be obsolete. By 1983, 
42 per cent of the heart graft recipients were given the chance to 
live five years after the surgery. Heart transplants may become 
a routine method of treatment some day. 

Thousands of men and women, previously doomed to wait at 
death’s door, have been returned to life owing to transplant surgery. 
Isn’t this the dawn of a new era in medicine? Specialists claim that 
a replacement of a damaged organ by a graft is practical even if 
the chance to survive is 9 per cent; in fact, it is higher. Every risk 
is justified in the face of death as the only alternative. 

The “immortal” from Phoenix, USA, was definitely a hasteful 
man. He consented to a deep-freeze treatment in 1966, planning to 
be revived some time in the 2{st or 22nd century. Six bodies and 
four heads followed suit in the deep-freeze rush. One hundred 
individuals were on the waiting list. Their ambition was to reserve 
space in the exotic cemetery. But the venture to join the ranks of 
the “immortal” appeared to be a complete failure. 

Doctor Sadzio Suida of Japan, for his part, breathed life into 
the hearts of animals that had been kept in deep-freeze storage for 
over two years. 

Several cases of returning people to life after deep chilling are 
known. Wegard Slettemuen, a Norwegian boy of 5, was revived after 
being clinically dead for almost an hour. Much more critical was 
the condition of Vladimir Khorin, 24. The tractor driver from 
Yaroslavsky state farm was found frozen in the steppe. His clinical 
death lasted for hours while the doctors toiled hard in order to 
revive him. Never before was a person brought back to life after 
such a long period in the “afterlife”. 

The mechanism of heat control which keeps animals dormant in 
wintertime has now attracted the attention of scientists from various 
professions — biologists, chemists, physicists. Techniques of freezing 
living beings are looked for which would enable their reanimation 
after a long interruption of functioning. 

A substance which induces hibernation has been detected in 
animals. It may find application as a means of long-term graft 
preservation. The deep freezing of live cells has been developed to 
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the stage of practical application. Heat-insulated vessels with liquid 
nitrogen are used to store plant seeds, grafts of skin and cornea, 
embryos of animals and even man. 

To prevent the growth of crystals during freezing which destroy 
living tissues, scientists experiment with the so-called vitrification. It’s 
a process of transforming liquids successively into viscous and 
glasslike states. 

Despite all the enthralling news, the potentialities of our 
organism aren’t inexhaustible. Therefore, it’s highly disputable that 
human being can be returned to life after decades in cold storage. 
That would really mean “rising from the tomb”. 

It’s also difficult to say now what trend will be set in “human 
overhaul” programmes: will grafts be used or artificial organs? 

No transplants are possible unless heart grafts and other “spare 
parts” are available. This problem can be solved by setting up 
banks of human organs. Services which provide information about 
prospective donors have already been inaugurated in some countries. 
They exchange information on a city-to-city basis. International 
information centres have also come into existence as, for example, 
Europetransplantate and Scandinaviatransplantate. 

A new technique of multistage freezing/reviving has been 
developed which will provide for long-term storage of living tissues 
and organs. Thus a kind of living canned products is likely to be 
used. 

Special containers for biotechnological applications have been 
designed. They enable the storing of grafts preparatory to 
transplants in an environment which maintains their vitality at 
a constant vigorous level. The environment is monitored and 
controlled by means of instruments. 

If transplant surgery is going to be practised on a mass scale, 
where could all the grafts be taken from? No banks of human 
organs will be able to meet the requirements. 

Therefore, there are reasons to believe that top priority will be 
given to artificial human “spares”. The progress in the field of 
miniaturization, high sensitivity and reliability of the existing 
instruments foreshadow the success and appearance of numerous 
novelties in the foreseeable future. The weight of pacemakers has 
decreased, for example, from 275 to 75 grammes and their longevity 
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has increased from 2 to 5 years in recent time. Lasting “spare parts” 
which readily lend themselves to implanting and are harmless to the 
human organism will be developed to substitute for various organs 
ranging from eyes and ears to hearts and lungs. 

A third approach to the problem of “human overhaul” exists 
which contemplates the use of living prostheses. 

The shaping of an embryonal limb that will eventually 
regenerate into a full-size limb is theoretically a matter of time. The 
feasibility of this process has already been proven experimentally 
with the frog. 

Regeneration is inherent in man. He can grow new skin, 
muscles, cornea, certain segments of the liver, let alone hair and 
nails. Tailed amphibians such as salamanders can partly regenerate 
eyes and even the heart and grow new limbs and tails. 

A technique of restoring the regenerative function of some 
organs in man and animals has been developed. It provides, for 
example, for healing skull injuries. A mysterious mechanism of cell 
growth so far unknown to us causes new bone tissue to form. 
Stimulated regeneration also speeds up the mending of cardiac 
muscle defects. 

Experimental transplants of nerve tissues into the brain are in 
progress. The brain tissues have also been replenished by implanting 
the patient’s own adrenal gland cells. These experiments may serve 
for healing various spinal cord defects and defects of the brain due 
to sclerosis and other disorders. A treatment of Parkinson’s disease 
by grafting the brain with cells which produce movement-controlling 
biological stimulants was tested clinically. 

The idea that an arm or a leg can be “grown” sounds almost 
incredible, says Professor L. Polezhaev, an expert in the regeneration 
of organs. But “this idea can be materialized through research and 
experimentation in the not so distant future”. 

The key to the problem of tissue growth is the mechanism of 
cell differentiation and joining. If scientists find it, a cell with 
a particular function taken from a patient may serve as the embryo 
of an organ of his. 

It can be imagined that a piece of the placenta now disposed 
of will be placed into a refrigerator some time in the next century. 
Any time a person would need a new heart or kidney, his cells 
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would be retrieved from cold storage and used to grow the organ 
which would eventually be implanted. This technique might solve 
the two problems of transplant surgery, the problem of finding 

a donor and that of tissue rejection. 

“INTELLIGENT SYSTEM” ERRS. No matter how many organs we may 
replace during our lifetime in order to stay in good health, 

a change in homeostasis 1s unavoidable towards old age. This means 
an upset in our organism’s stability and a decreased safety factor. 
As we age our organ’s systems compensate for environmental 
changes with ever-increasing difficulty. Researches therefore focus 
their attention on self-regulating systems. Medical personnel become 
interested in cybernetics, and cyberneticians advance their theories of 
fighting the good fight against senility. 

One such theory has been advanced by Nikolai Amosov. He is 
a prominent Soviet surgeon, 4 Fellow of the USSR Academy of 
Medical Sciences, holds a degree in engineering, and is a person 
deeply interested in medicine and cybernetics. 

Man is a sophisticated self-regulating system which functions in 
accordance with certain programmes. They are numerous. The 
existing versions are, however, not innumerable and fall into two 
categories: “animal” programmes and social programmes. a Nite 
former, such as —for example — the instinct of self-preservation, are 
contained in the genes. The latter, which outnumber the former, 
control human behaviour. 

The entire life of an individual is a general programme which 
comprises animal and social routines. This means that good health 
may be regarded as the development of the organism in accordance 
with a given programme. An ailment is a disturbance of the 
programme due to factors of biological, physiological and 
psychological origin. 

Nature is a wonderful programmer. It has provided our 
organism with a set of stand-by instructions. They should be 
followed in the event of a failure of a programme OF an instability, 
that is when defensive actions should be taken. 

Why then do people fall ill and pass away? Why do the 
emergency programmes of rehabilitation appear to be ineffective? 

Unfortunately, harmful substances start to accumulate in our 
body when our normal environment is adversely affected. 
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Disturbances within the system of control occur as well, in addition 
to deviations from a programme. The control errors build up in 
man with time, as they do in any other system. They cause the 
ageing of our organism. 

The instant man appears in this world, his system begins to 
operate and to make errors. These add up with the result that the 
programme is followed with an ever-increasing degree of inaccuracy. 
This is what we call ageing. 

Ageing is not programmed in advance, but it is unavoidable. 
Errorless systems are nonexistent in nature and no such system can 
ever be produced. 

But is there a way of extending the human life span 
appreciably? The answer is yes, provided we succeed in modelling 
old age. A model of the chemistry of ageing would be quite helpful, 
for example. If a model is available, this means that we can plan 
actions which will have an effect on it. The errors of control can be 
corrected by connecting special systems to our organism. For 
example, those which can excrete cholesterol from the body and 
thus extend the life span of atherosclerosis patients. Such systems 
already exist. Others will follow. Their number and sophistication 
will steadily increase. And human life will be extended. 

And what about the brain? It also deteriorates with age. Can 
we renew our brain? Will brains be stocked as “spare parts” as 
well? 

This reminds us of the experiments conducted by Professor 
Robert White, an American neurosurgeon. He separated the brain of 
a monkey from its body and kept the brain vital for quite a time. 
He also implanted the brain of one monkey into another monkey. 
The monkey with a new body (or the body with a new head) 
survived for almost a weak without life-support systems. The head 
functioned normally, seeing, hearing, recognizing people, opening its 
mouth and even biting. It couldn’t, however, control its body. 

We can visualize how in a distant future when cybernetics will 
be at the end of the long path which it has just begun, an artificial 
brain might be connected to a natural brain still under healthy 
condition. For a time, both brains will function in parallel so that 
the artificial one will adopt the habits and tastes of its “boss”. At 
an appropriate time, the original brain will be disconnected and the 
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graft brain will take over. It will inherit the knowledge and memory 

of its forerunner, and the person will continue to walk the earth. 
t An outlook of this sort must be accepted, however, with 

reserve. N. Amosov claims that the phantom situation described will 
not offer immortality to man and is absolutely unrealistic. The 
errors which will accumulate in the new mental system will put it 
out of action sooner or later. But he says nothing about the 
reasonable bounds which must be taken into account when a worn 
down human organ is replaced by an artificial system. Such 
a replacement is advisable insofar as the person in question will 
retain his intellect and his individuality. Otherwise, a situation may 
occur as described by Stanislav Lem in the story “Do you really 
exist, Mr Jones?”. A racing driver by the name of Harry Jones had 
frequented a company which supplied human “spare parts” so 
regularly that in the end he turned into a creature which was 
asked: “Do you really exist, Mr Jones?” 

So, is there really no way of saving the human organism from 
old age? 

This question poses not only difficult problems for medicine, 
biology and technology. It gives rise to philosophical and ethical 
issues of great concern as well. 

Will it be fair that some persons are given an opportunity to 
extend their life and some not? Will it be humane to renew the 
contents of a person’s body at the expense of the donors supplying 
grafts? 

What will all this mean? The modernization of selected 
individuals or a reconstruction of mankind along revolutionary new 
lines? Will it be steps taken consciously or ...? 

You may admit that an intrusion into the basic nature of 
human life as deep as this one is emotionally shocking. 

Since it is our intention to tackle the problem of ageing in 
terms of cybernetics, consider the viewpoints of cybernetic 
authorities. The answer to the main question has been ready for 
quite a time: “Immortality is a state of maximum stability which 
leads to a stalemate and brings about an end of evolution”. It can 
be added that immortality imposes an unbearable load of moral 
difficulties on mankind. 

Norbert Wiener once dined with prominent medical researchers. 
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They discussed old age without being afraid of touching upon 
unconventional things. 

I'll withhold from commenting on their deliberations. But 
Wiener’s conclusion, found in one of his latest works, is worth 
mentioning. 

Although on the face of it the hypothesis about man’s 
superlongevity in the future might sound extremely consoling, its 
realization might turn out to be a terrible disaster. For one thing 
becomes evident immediately—mankind would not be able to sustain 
day after day the never-ending continuity of the lives which are 
born on the earth. A situation when the lives of all people will go 
on as long as they please is inconceivable. 

Wiener’s attitude is contrasted with another viewpoint, 

a diametrically opposite one which is full of the optimism 
encountered in fantasy. ~ 
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After the launching of the world’s first earth satellite Sputnik in 
1957, I wrote the article “Cybernetics and Space”. It opened with 
the words: “I dare say that the material of the satellite and carrier 
rocket was not metal but mathematical formulae, equations, 
calculations.” This hyperbole was aimed at stressing the importance 
of calculations in a venture as risky as the designing of space 
vehicles. 

At the time this sounded amazingly daring to me. To support 
my viewpoint, I used examples, which at the time I thought 
astounding. And I wasn’t the only person who thought so. Among 
the numerous comments invoked by the outstanding event, there 
was one by the Italian Professor Francesco Severi, President 
Emeritus, National Institute of Mathematics. He wrote: “Being 
a mathematician, I must confess that the mathematical problems 
arising in connection with launching an earth satellite are solvable 
in practice with much difficulty. You have to take into account the 
fact that the earth isn’t an ideal spherical body. To determine the 
satellite’s orbit, you have to resort to intricate mathematical 
calculations, compensate for various deviations. Once you have 
solved your mathematical problems, there are still problems of 
a practical nature. And they are grandiose.” 

What epithets were used in the press to praise the automatic 
guidance system of the first earth satellite! A cybernetic halo was 
set up around our Sputnik indeed. If the carrier rocket were termed 
the heart, the numerous automatic systems would be referred to as the 
brain. The data processing computer centre was granted the title of 
“the kingdom of cybernetic high precision”. 

The reports about the guidance system, which had been 
developed to put the rocket into orbit and keep tabs on its course 
and position, attributed the success to reliable cybernetic helpmates. 
This made us believe that the triumph of cybernetics in outer space 
had been really achieved. Now we realize that it was just the 
beginning of the triumph. 

When news flashed about Yuriy Gagarin’s historical mission, 
people became interested about the craft which had carried man 
into space. 
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The spaceship is now on display in the Cosmos pavilion of the 
Exhibition of National Economic Achievements. Everyone can 
scrutinize the mysterious craft used for man’s first extraterrestrial 
flight. You can admire the rational layout of the fabulous creation 
of human genius. You can consider the automatic equipment which 
not only enabled the cosmonaut to survive but offered him elements 
of comfort to be brilliant. But hardly anyone will realize that the 
craft is an approximate prototype of a highly-organized creature 
which is designed to live and function in environmental conditions 
of space which vary over a wide range. 

The notion of drawing such a parallel doesn’t belong to me. 
This was said by the scientist and cosmonaut K. Feoktistov, D Sc 
(Eng). He carried out a comparative study, contrasting a living being 
and a spaceship, which was so fascinating that I couldn’t but repeat 
it. 


Living Being Spacecraft 
Data acquisition and processing; exchange Acquisition and processing of data about 

of data with other living beings; means of environment and position (angular orienta- 

data acquisition (eyes, ears, senses of touch tion and distance), acceleration thrust; 

and smell) and data processing (central and acquisition of “new” data with the aid of 

peripheral nervous systems) relevant means (distance-measuring, radio, 
optical and gyro equipment); means for 
processing the data acquired (data processing 
computer centres, shipborne computers and 
crew) 

Survival in environments changeable over Space flight in environments changeable 

a wide range, normal internal conditions which over a wide range (high g loading and 

provide for reliable functioning of the organism, strong vibration at launching and reentry, 

means of maintaining internal stability (heat thermal reentry shock, space vacuum, cyclic 

transfer through skin, blood circulation, etc.) solar radiation, micrometeorite impacts, etc.); 
life-support and survival system which pro- 
vides for normal functioning of crew and 
equipment (leak-proof compartments, ther- 
ma} insulation, control of temperature and 
atmosphere aboard spacecraft) 
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Faculty to orientate and move in space Manoeuvrability for trajectory adjust- 
owing to the organs of coordination and ba- ments and environmental moment control; 
lance (eyes, inner ear labyrinth) and the means means of position control (optical, gyro, 
of locomotion (legs, wings, etc.) radio and other computorized equipment 

linked to appropriate controls: mass-expul- 
sion jets, spinning pitch wheels, etc.) and 
means of momentum control (thrusters, 

rocket stages, electrical propulsion engines 
of space probes) 

Food for replenishing lost energy Shipborne supplies of food, water, oxygen 
and power to meet the needs of crew and 
equipment; means of power generation and 
facilities for reclaiming shipborne supplies 
of expendables and partly consumable stock 

Reserve strength required in case of emer- Adequate safety factor of structure, stand- 

; gency or recuperation from serious injury or by systems and individual items of equip- 
illness; reserve strength should never be used ment, reserve power in excess of the require- 

i to support rudimentary material needs as is ments that are needed to carry out mis- 
often the case in games and during other sions, regular tests of individual items of 
activities equipment and spacecraft as a whole 

Automatic coordination and synchronization Coordinated control of all shipborne sys- 

: of all internal functions tems, adjusting equipment for good function- 
ing in changeable conditions of space 
mission 


A question which involuntarily arises is how will man and 
automaton share the responsibility aboard a spacecraft? 

According to Feoktistov every operation that can be automated 
| on board a spaceship should be automated. The designer treats 
every person as a complementary fraction of the payload. A man 

assigned to cope only with control functions is an unjustifiable 

luxury. No craft is designed to carry dead weight. It must have 

a payload which performs a kind of useful work. This can be, for 
: example, research. Therefore, steps must be taken to render 
spacecraft control simple and executable without high skills and 
during a minimum time. Every second of space flight is very 
expensive and must be utilized with a maximum effect. 

Scientists have suggested a kind of man/computer symbiosis 
which will reduce the workload sustained by space researchers. Once 
man and computer are aboard a spacecraft, their association must 
be of mutual advantage. The objectives to be pursued in this case 
have already been formulated. 
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In the first place, it will be man’s prerogative to formulate 
problems after reasoning as it is now the computer’s prerogative to 
solve the problems which have been formulated and formalized by 
man. 

In the second place, close cooperation between man and the 
cybernetic machine must be fostered so as to evaluate emergency 
situations and adopt appropriate control actions irrespectively of the 
stringent bounds of the programme. 

Rigorous scientific statements spell out a lot of things. They 
open up new magnificent vistas of the conquest of space by man 
who has a trustworthy helpmate, the computer, at his finger tip. 

Way back at the ist Congress of the International Federation 
for Automatic Control, Academician V. Trapeznikov did not rule out 
a project which envisaged an automaton capable of formulating 
theories on the basis of the experimental data acquired during 
a space mission and the existing hypotheses. The theories would 
explain the results of any concrete experiment. 

This project will become a reality. Research vessels with 
shipborne computers are now sent to sea. Scientists can angle not 
only for facts but for theories as well while on a voyage. They can 
unscramble heaps of facts on the computer before the happy minute 
of return to the home port. 

Bionics is likely to find application in aerospace technology. 
Models of cosmonaut’s behaviour during a space mission would be 
used to endow the automatic guidance systems of 
spacecraft—engineered after human organs—with the faculties of 
self-instruction, reasoning and decision-making. In the meantime, the 
authors of this project consent to a man/machine hybrid. 

In this connection a new hypothesis must be mentioned which 
is an offspring of bionics, cybernetic medicine and cosmonautics. It’s 
the so-called “cyborgination” of human beings which is fervently 
supported by Professor Manfred Kleins—an engineer and 
mathematician, a specialist in the biochemical equilibrium of living 
beings—and by Nathan Cline—a neurophysiologist and 
a psychopharmocology expert. 

The essence of this hypothesis was described in this country as 
follows. 

“Let’s design an electronically-operated model of a human body 
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and wait. One day, a man in critical condition after a car crash is 
rushed to the hospital. He is a biologist and realizes that he has no 
longer than a few minutes to live. In full consciousness, he decides 
and is determined to undergo an experiment that is without 
precedence in the history of mankind. His colleagues gently change 
his bodily covering under general anesthesia with maximum care. 
His ego, his psyche or, in other words, his brain stay alive but they 
go on functioning in a new quasibiological system which has been 
set up artificially.” 

This hypothesis is a less refined and, if we may say so, a queer 
alternative of the “intelligent system” Professor Amosov cautiously 
referred to when he spoke of immortality. We have now a hybride 
of an artificial body and a living human brain rather than a system 
comprising artificial organs and an artificial brain. 

In due time, when people acquire the knack of growing 
full-fledged human brain cells, they will use them as building blocks 
of high-capacity computers. This is an idea advanced by some 
biocyberneticians. The new generation of machines made of metal 
and living matter will rank second to none in performance. This 
involuntarily reminds us of Verhaeren’s verse: “The nightmare of the 
past comes true today.” 

It will be a cyborg, a living brain under a reliable protection of 
artificial systems, a man of the cosmic era. Scientists dream to 
design one specially adapted for survival and functioning in a space 
environment. It will need no permanent casing, no pressurized 
spacesuit— part and parcel of terrestrial environment. The cyborg will 
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disregard the extremities incompatible with human life and will work 
in shirt-sleeve comfort. 

Frankly speaking, one feels a bit queer when one hears or 
reads something of this kind. The odd feeling persists even if one 
takes into account such telling arguments as lasting exposure to the 
factors of space environment which human life is incapable of 
resisting. 

“It goes without saying that this antihumane project has 
nothing in common with the radiant prospect of exploring and 
conquering outer space. We need space for the benefit of man and 
not for that of machine.” These words belong to Academician 
V. Parin and one can’t but agree with them. 


29/ MACHINES AND FORESIGHT 


pec Sa 

: Are you interested in ladies’ apparel that will be in vogue in the 
late 1980’s? No problem: empire-style gowns with a short waist and 
streaking-backwards folds (ancient Greek design), day dresses much 
longer than evening gowns. 

| This forecast comes from the USA where a UNIVAC computer 
was employed for the job. Was it a hoax or the truth? ['m not sure 
about this. Even if the computer has erred, the consequences do not 
seem to be grave for mankind. However, on some other occasion, 

an erroneous forecast might lead to a confusion. Take such an 
example as the population of our planet. Its would-be number is 
fervently debated, assumptions are legion. But how can we know 

what estimates are correct? 

In days gone by, foretelling was simple when compared with 
the complicated state of affairs in modern science today. But it 
wasn’t simple at all in those times. 

People interpreted the past and present in terms of the future, 

; taking into account of course the fact that events were dynamic 
rather than static. Man’s acute intellect filled in the details of the 
looming future. Examples of realized foresights were numerous. But 

they were just secluded brainwaves of geniuses which lighted up the 

; morrow. 

No accurate way of bridging the gap between the past and 
future was known until not so long ago. Laplas criticized in Essai 
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philosophique sur le fondement des probabilities Buffon’s approach in 
Essai d’arithmetique morale to the problem of estimating probability 
with an air of superiority: “What is the likelihood of the sunrise 
tomorrow if it has already occurred for 1 826 214 times? He (that 
is Buffon—V. P.) points out that it differs from unity by a fraction 
whose numerator is unity and whose denominator is two raised to 
the power which equals the number of days since the beginning of 
our epoch. This famous author is ignorant of an accurate way of 
deducing the probability of possible causes and forthcoming events 
from the bygone experience.” 

A trustworthy prediction must be based on scientific principles. 
These, however, exist within certain bounds. Therefore, every 
prediction is accurate to some extent. No prediction is absolutely 
accurate. 

This point of view is shared in high scientific circles. It is also 
proved by our everyday experience. We can predict only the general 
trend*of developments. This applies even to those cases when we 
succeed with great effort in obtaining figures which are “exact” in 
our understanding. 

Modern predictions are a far cry from the predictions of the 
past. Unpretentious as they were, the latter were close to the realms 
of fiction. The former are close to reality although they sound 
incredulous sometimes. The explanation is that prediction has 
become an integral part of a scientific concept. The well-known 
historian of natural sciences Professor B. Kuznetsov writes: “We 
treat now the question about the possibility of forecasts from 
a different angle. To be exact, it is replaced by another question: 
can science develop without preconceptions?” 

Cybernetics is keen on foresight, prediction which is one of the 
characteristic features of the human intellect. Cybernetics endeavours 
to explain some of the mechanisms involved. 

Unfortunately, the existing suggestions about the nature of 
foresight are scattered through numerous cybernetic works. More 
numerous are the scientific works concerned with the future in 
general and that of mankind in particular. They refer to various 
predictions but fail to disclose their mechanisms. Only in seldom 
cases can the methodology of foresight be traced not without effort. 

A book on foresight that could be read by the layman, not the 
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scientist alone, is very desirable. It will serve a purpose which has 
nothing in common with the aspiration of a flat broke British lord 
from a Christmas story. On spending all the money he had for The 
Times dated the day after tomorrow, he spotted a list of the 
favourites that would have been likely to win the race scheduled for 
tomorrow. People want to know what lies ahead for them not with 
intention to rob bookies. They hold the destiny of mankind, the 
destiny of their own country and of themselves as very dear things. 

Objectivity, motivation and trustworthiness are the cornerstones 
of foresight and also the criteria which decide its value. Not to be 
overlooked is the point that the methodology of prediction defines 
foresight as a systematic scientific study of the trends which a given 
phenomenon or process is likely to take in the course of evolution. 

A mindful formulation of an idea about the future provides for 
applying detailed scientific methods. These, in their turn, provide for 
a classification of the events from real life into three groups. 
Determinable events are an outcome of known factors and therefore 
can be readily worked out. Predictable events can be inferred from 
long-term studies of their probability. Random events are practically 
unpredictable. The main objective pursued in formulating 
a prediction is to raise the status of as many events as possible to 
the determinable level and unceasingly verify the probabilities. 

However, knowledge is not the only precondition of foresight. 
Inspiration, faith, imagination and, sometimes, even an ignorance of 
the logical are essential. Otherwise, it may be difficult to tell the 
feasible from the probable, to make a distinction between the things 
which can be materialized and imagined. 

People have been striving to get a glimpse of the future since 
the days of Delphic oracle. We do not make wild guesses about our 
future now. We probe into the future by means of sophisticated 
methods of prognostication. We learn about things that are still 
inexistent, things which are likely to occur. But it may happen that 
they will never occur. 

Therefore, forecasters fall into optimists and pessimists. They 
practise different approaches to the same problem, tackle it with 
different temperaments. The saying that facts are stubborn things is 
inapplicable to forthcoming facts: they can give way to mutually 
eliminating inferences. 
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The pessimists are plagued by the notion that a barrier of 
inaccessibility may exist even when they look into the not so distant 
future. The optimists are unrestrained in their conjectures. Their 
lightheartedness grows stronger with the period covered by the 
forecast; the longer the period, the greater the guarantee that they 
will not be accused of playing fast and loose. But historically, it was 
the pessimists who always erred more than the optimists. Scepticism 
is the least gratifying attitude when the conversation turns on the 
future. 

Who then should be listened to when it is necessary to assess 
some forthcoming events that we are interested in—the pessimists or 
the optimists? 

A generally-accepted approach and one not deprived of logic is 
to request the advice of those who share your beliefs and your 
prejudices. Should you decide it appropriate to find out who of the 
experts is correct, you must press them to disclose the way they 
arrived at their deliberations, the facts they used in arriving at the 
solution. 

By now, over two hundred methods of forecasting have been 
developed in various countries. They fall into four classes. 

1. Intuitive methods; provide for establishing the starting points of 

a forecast. 

2. Research methods; permit the modelling of the direction of 
transfer of scientific and technical data. 

3. Normative methods; care not only for achieving a goal but 
specify the goal as well. 

4. Feedback methods; establish associations between predictable 
and planable versions of the actual future. 

The difficult job of forecasting, predicting and foreboding knows 
many successful examples. Widely known are weather forecasts and 
gale warnings. Less popular are the predictions of the pattern of 
neutron motion in nuclear reactors or the sequence of events in 
chemical reactions. 

When predicting the future, the time period during which the 
event should occur is usually specified. Therefore, forecasts are 
classified depending on their span into three groups. Immediate 
forecasts cover the remainder of the 20th century. Foreseeable 
forecasts extend through the 21st century. Distant-future forecasts 
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serve to gauge more remote times. This periodization coincides more 
or less exactly with certain turning points. They are the end of the 
period of effective life of a generation which lasts around 30 years, 
the end of average longevity of man, and the end of the 21st 
century, respectively. 

The second turning point may shift depending on the state of 
affairs in science, technology and industry. The period elapsed 
between making a scientific discovery and implementing it into 
practice is twenty years on the average. Several decades may pass 
before a new technology has ousted the old one and assumed 
dominating positions in various fields. Global changes that affect 
mankind as a whole and bring about revolutionary developments in 
science, technology and civilization belong to the distant future. 

Distant-future forecasts seem to bring science closer to the 
realms of fiction. But it’s known that fiction puts venturesome tasks 
before science, if it is science fiction after all. No expert, even the 
most uncompromising one, would disagree that the things on the 
brink of fiction need to be stock-piled for the sake of science. 

Foreseeable forecasts concerning the next century are based 
mainly on hypotheses and assumptions. They provide for 
a continuous insight into the future, help us to obtain a clear 
picture of forthcoming developments. 

But it is a misconception to believe that all the existing 
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methods of forecasting, the body of mathematics and cybernetics will 
magically enable us to see the future crystal-clear without difficulty. 
Forecasting is a tough job even if we use cybernetics and 
mathematics. To prognosticate the changes in science, technology 
and people’s everyday life is a risky venture. But man can’t afford 
not to run the risk. 

Consider two forecasts about the future of cybernetics and 
computers. 

One of them, based on the state of affairs that had existed in 
1960, was provided by Arthur Clark in 1962: 

machine translation, 1970; 

artificial intellect, 2000; 

world library, 2000; 

logical machine languages, 2020; 

robots, 2050; 

reminiscence-restoring control of intellect, 2050; 

teaching machine, 2060; 

artificial intellect superior to the human brain, 2080; 

world intellect, 2090. 

As we can see, Clark wasn’t afraid of scheduling the appearance 
of reasoning machines in just a few decades (not centuries) from 
now. 
Ten years later, RAND Corporation produced another forecast: 
wide-spread application of teaching machines, 1975; 
automated libraries with data-scanning and printout facilities, 
1976; 

machine translation, 1978; 

teaching machines that take account of the student’s load and 
other psychological factors in addition to reacting to the student’s 
answers, 1980; 

pattern-recognition machines, 1982; 

self-organizing robots capable of coping with house chores, 
1992; 

man/machine symbiosis which upgrades the human intellect due 
to its direct contact with the computer, 2012. 

RAND’s forecast was more realistic and covered a shorter 
period of time than Clark’s. It tended to touch upon the problems 
which were of current interest at the time and which haven’t lost 
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their significance up to now. Therefore, RAND’s forecast raised no 
significant objections for quite a time, although some of its 
predictions sounded rather optimistic. 

According to V. Siforov, Associate Fellow of the USSR 
Academy of Sciences, Director of the Institute on Problems of Data 
Transmission, this applied to the dates of solving the problems of 
automated libraries (1976) and machine translation (1978). In his 
opinion, the rest of the events were timed realistically, but he didn’t 
excluded the possibility that some problems would be solved ahead 
of the forecasted dates. 

The advent of the “second computer revolution” was first 
mentioned in 1968 when the prevailing opinion was that the 
computer’s ability was confined to its programme only. 

What did cause scientists to speak about a revolution in 
computer technology? How did they imagine the event to 
themselves? 

The keystone is man/machine partnership. Two factors will 
facilitate a direct link between man and machine. They are 
automated programme-preparing systems and the development of 
various computer output devices, including visual ones. Time has 
proved this foresight correct. 

Early in the 1970’s, West German scientists H. Beinhauer and 
E. Schmacke published Code of International Forecasts. It was the 
first attempt to systematize the most trustworthy (or as the authors 
put it, devoid of fiction) forecasts from the fields of economy, 
technology and social relations. Consider some excerpts from their 
book which refer to the world of 2000. 

The bulk of data processing will be done on computers whose 
population will grow to 355 thousand in 1980 (in fact, there were 
much more computers by 1980). 

The power-to-cost ratio will significantly change. The computer 
power will increase and the cost of a single operation will decrease 
by a factor of 200 over a period of twenty years. 

The computer will grow smaller, to 1/1000 of the size of the 
existing models. It will acquire extra reliability which is a factor of 
greater significance than size. High speed, reliability, compactness 
and good economy will pave the way for wide-spread applications 
of computers. 
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Much emphasis will be placed on increasing the capacity of 
computer memory and easing the access to data. The retrieval time 
will be 10 nanoseconds in the year 2000 as opposed to 
a microsecond in the 1970's, being thus shortened by a factor of 
1000. 

The optical-memory computer is expected to appear in 1990. 
Information will be entered on a photographic plate or ferrite layer 
with the aid of a laser. 

Magnetic memory systems will be developed. Theoretically, 
magnetic memory will be able to store the information contained in 
540 million typewritten pages. 

A project of a computer was forecasted that would have been 
provided with a memory capable of storing the information 
contained in 20 thousand volumes in a slip of nickel foil 20. 
centimetres by 25 centimetres in size. 

The memory capacity will increase a hundredfold. This implies 
that a. few large memories will suffice for storing the information 
contained in all the libraries around the world. Encyclopedic data 
banks will be set up, beginning with 1980 at the latest. 

The problem of rendering computers capable of “seeing” and 
“speaking” was given due consideration in the forecasts. Machines 
capable of recognizing typewritten texts were at an early stage of 
development then. It was predicted that in the last third of the 
1970’s the pattern-recognition ability of computers would have rise 
to fifty hand-written characters per second. Early in the 1980's, 
computers will be endowed with the faculty of recognizing separate 
spoken words. But no computer slavishly obeying a human voice 
will be available even in 2000. 

Incidentally, the timing of the same developments in the 
forecasts of Soviet scientists was exactly or almost exactly the same. 
Academician V. Glushkov wrote, for example: “As soon as the old 
way of “talking” with the computer proves to be ineffective, all sorts 
of things that are needed for man/machine dialogue will appear on 
the scene without delay... We will face this inevitable necessity 
somewhere in the 1980's, that is by the time when the machines of 
the fourth, or to be on the safe side, of the fifth generation will be 
in operation.” 

Referring to data banks, he said: “In the not so distant future, 
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computers will become the storerooms of not only technological and 
scientific information acquired by mankind but of everything else 
that people have created during the centuries of their existence; the 
computer will become man’s enormous and eternal memory”. 

Academician Glushkov believes that a total man/machine 
symbiosis will be achieved by 2020, that is in less than half 
a century. 

Obviously, reliability and accuracy decide the value of 
a forecast. Everyone concerned about the future wants to know how 
much he can rely on and trust a forecast. 

Recent experience proves that immediate and foreseeable 
forecasts are 95 per cent correct. That’s quite acceptable. Less 
dependable are long-term forecasts. But not overlooked must be the 
fact that prognostication takes care not only of the future. It 
influences our everyday life. Forecasts are helpful in scientific studies, 
they serve to improve the standards of planning, reduce the cost of 
projects. 

Will technology follow the path predicted for it by specialists? 
Only those who will live in 2000 will be able to answer this 
question. 
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Have you ever heard of more gruesome statistics? The 
five-millennium history of mankind knows only 292 peaceful years. 
The rest of the time there were wars, a total of 14 513 of them, big 
and small. Their toll was 3.64 billion lives (let me remind you that 
our planet’s population is 4 billion now). The war expenditures and 
losses ran into Switz F2, 150 trillion. This is the value of a strip of 
pure gold 10 metres thick and 161 kilometres wide which girdles the 
globe around the equator. And what is the price of a sea of blood? 

In our days, wars have grown more costly. The victims of. 
atomic and hydrogen bombs may outnumber the losses in all © 
previous wars. Arms production investments amount to thousands of 
billions. Millions of man-hours and machine-hours are plunged into 
the bottomless abyss of the arms race. Over 50 million people are 
working for the sake of war or are under arms now. 

World military spending now is above $500 billion. Houses for 
millions of families and first-class hospitals for millions of patients 
could be built for this money. 

But what has cybernetics to do with all this? 

Cybernetics’ involvement lies not only in the fact that 
a computer was used to carry out the above calculations. 
Cybernetics serves the needs of war now. 

An antiaircraft missile heads towards the target being guided by 
a computer. 

Another computer controls a pilotless fighter-interceptor. 

Still another computer coordinates the operations of an 
air-defence system from spotting to destroying a target. 
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A further computer keeps tabs on a sophisticated artillery 
complex. 
: And so on, and so forth. 
But the militarization of the computer isn’t confined to the 
above applications. The computer has taken over the monitoring of 
: logistics (inventory and distribution of material supplies, weaponry 
and ammunition) and is in charge of various aspects of troop 
leading, the formulation of tactics and strategy included. 
War, from the point of view of cybernetics is nothing more 
than an intricate mathematical problem with numerous variables. It 
is solved with the aid of the theory of games and tactics. 
A mathematical theory of war has been developed. 
By their nature mathematics and cybernetics are constructive 
. disciplines. Nevertheless, they become involved in pursuing inhumane 
tasks of destruction and annihilation on an ever-increasing scale. 
The adversaries of peace and progress should be blamed for this. 
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Why do we call it an explosion? Because a flood of information has 
swept over mankind. 

We all feel what a torment life is in a world filled to the brim 
with information. Eight thousand daily papers, about one billion 
radios, over four hundred million TV sets, hundreds of thousands of 
cinemas, books of one thousand-and-seven hundred titles appearing 
every day, hundreds of thousands of advertisements, posters and 
leaflets shower people with information day in, day out. The leading 
TV nations are on the air for hundreds of thousands of hours per 
year, and the total broadcasting time of all TV stations around the 
world is probably beyond one million hours. 

Hardly anyone would abstain from agreeing with the words of 
the erudite author Leonid Leonov: 

“The life of our contemporary in the midst of the modern 
‘superatomic’ age is much more hurried and eventful than that of 
the contemporary of the classics. The load of impressions coming 
daily on a unit area of our brain in a unit of time has increased 
immesurably, almost to the limit of our nervous endurance.” 

Scientists have calculated that the books, magazines, booklets 
and other prints available in libraries all over the world total 
between 750 and 770 million copies. If every book contains one 
hundred thousand five-letter words, the information stored in a book 
averages six million bits. Then, the wealth of information 
accumulated by mankind is between 4.6 x 10'* and 4.6 x 10’° bits. 

The human brain can process information at a rate of 0.2 to 
1 bit per second. Fresh knowledge in various fields of science and 
technology is published at a rate of 3 to 20 bits per second. Thus, 
even a fictitious person who can work round the clock without rest 
wouldn’t be able to read all the literature and keep abreast with the 
times. 

Impressive facts, aren’t they? But even these statistics fail to 
provide a clear view of the explosion in all its immensity. We 
witness the outbreak of a Great Flood of Information when every 
person who wishes to acquire knowledge is barred access to it by 
the Himalaya of data. 

The globe’s population doubles every forty years. The number 
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of scientists rises twofold every fifteen years. Scientific and 
technological information doubles every ten years. This means that 
the time will come when a further comprehension of fresh scientific 
information, let alone previous experience, will be outside the 
compass of human ability even if all the population of our planet 
turns into scientists. The knowledge available to man by 2000 will 
increase twofold as compared with his 1950 level of intelligence, but 
the amount of information which must be processed in order to 
attain such high standards of scholarship will increase thirtyfold. 
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This is expected to take place tomorrow. And what is the 
present-day situation? 

A total of over fifty thousand scientific and technical magazines 
in fifty languages with over two million contributions by roughly 
seven hundred-and-fifty thousand authors pile up on scientists’ desks 
all over the world annually. Three hundred-and-fifty thousand 
patents and voluminous proceedings of scientific gatherings form 
a sizeable addition. 

The outcome of chemical research is highlighted, for example, in 
six thousand magazines which appear in several dozen languages. 
Between fifteen and twenty thousand patents in chemistry are 
granted here and there. Thus, the total number of chemical 
publications is around one hundred-and-fifty thousand a year! And 
this avalanche grows incessantly stronger. The number of works 
concerned only with zinc increased threefold in two decades between 
1926 and 1946 as compared with the preceding two centuries. 
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A chemist who can afford to read forty hours a week wouldn’t be 
able to catch up with even 1/10 of the literature published while he 
reads. 

Scientists find it sometimes practical to carry out an experiment 
once more instead of searching for its description in the great mass 
of literature. Such a search can be compared with looking for 
a needle in a haystack. 

A $200 000 project which had taken five years of research was 
abandoned in the USA after its authors learned that the device they 
had been designing had already been developed in this country. 
Likewise, a translation of a report about detachable tire treads was 
made in this country six years after the report had been published 
in the USA. The price of the delay with the translation was high! 

A peculiar fact is that years ago publications were referred to 
as compilations, statistics, facts, news, reports, conclusions and the 
like. Now they all are covered by the term information. It means 
everything from a signal to a book. The problem of streamlining the 
flood of data can also be named information. 

Hundreds of books and magazines in sixty six languages which 
have been mailed from more than a hundred countries are delivered 
every day to a Moscow street next to the Sokol Metro station. All 
publishers from this country who specialize in science and 
technology send their publications as well. The address in question 
is on the mailing list of four hundred-and-fifty foreign academies, 
scientific associations, the British Museum, the Sorbonne, the Library 
of US Congress along with a good two dozen other libraries around 
the world. 

Over one thousand specialists from the staff of the All-Union 
Institute of Scientific and Technological Information work to make 
one-and-a-half million publications in sixty six languages from one 
hundred-and-thirty-one countries accessible to the Soviet reader every 
year. They are assisted by over twenty thousand translators and 
erudite experts—Fellows of Academies of Sciences, Doctors and 
Masters of Science, engineers. The information derived from over 
one million excerpts from magazines and books is used to compile 
Journals of Abstracts. These seem to be a handy source of 
information. Watch out, however! You must know how to get along 
with thousands of voluminous books. 
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No scientific progress is possible unless all the existing 
knowledge and the recent developments are taken into account. This 
knowledge is society’s precious wealth, its intelligence. An exchange 
of information cements society. Information is science’s bread and 
butter. 

The actual scale of the problem of information is imposing in 
all of its numerous aspects. Overspecialization is one of them. It 
hampers contacts between scientists. 

As Bernard Shaw admitted once, a person who progressively 
learns more about a domain which progressively narrows realizes in 
the end that he knows everything about nothing. Taking this irony 
seriously, it means that even a man of a particular speciality must 
get acquainted with numerous publications of various specialities. So, 
for example, the information about aerosols can be found in 
numerous periodicals on physics, chemistry, medicine, meteorology 
and engineering. The unavoidable recourse to foreign literature 
complicates matters even further. 

American chemical researchers wasted 33.4 per cent of their 
time on the average in quest of literature in 1962. And by how 
much has this figure grown? To read plentifully and speedily is the 
motto of our times. But the prospect is discouraging. It means that 
the scientist must live for the sake of reading, not creating. But it 
might also be expected that he wouldn’t read everything. And how 
can he if the periodicals mushroom immensely? They total almost 
two hundred thousand now and may exceed one million in number 
by the year 2000. The heaps of magazines nobody cares to read 
have led to the coining a new term-—the pulp literature factor. It 
denotes the readability of publications and was 85 per cent in 1960 
when the requests for forty five thousand periodicals were taken into 
account. And what is the value of this factor now? 
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Publications in their traditional form cannot apparently meet 
modern requirements any longer. They are too numerous and 
therefore scatter the reader’s attention. Articles grow shorter with the 
result that much valuable data are lost. Some of the material 
becomes obsolete before the public gets access to it. Fresh 
information reaches scientists mostly in a year-and-a-half or two 
years after it has been obtained by its authors. 

Loss of topicality is difficult to eliminate. A daily paper is one 
day behind the times, a magazine appears a month after the events 
it describes, and a scientific book delays the dissemination of 
information for a year. 

No matter how rapidly periodicals proliferate, the authors 
increase in number at a greater pace. Hence, the supply of authors 
exceeds the demand of readers. Publishers cannot give due attention 
to all authors and automatically reject the services of some. 

The problem of storing information also causes many headaches. 
The fact that another 15 kilometres is added to the 300-kilometre 
shelving of the Lenin Library in Moscow every year will give you 
a good idea of this. 

So, where is the solution? 

Wiener writes in Cybernetics and Society that one of the reasons 
of the Roman Empire’s decline was inadequate communication 
between its various parts. The deadlock of incapacious 
communication channels was overcome by man early in the 20th 
century when he invented the radio. The computer has shown man 
the way out of the blind alley of lagging behind life in data 
processing. 

The gathering, processing, retrieving and transmitting of data is 
a multifaceted problem of paramount importance. It’s no wonder 
that the industrialization of information is being discussed these 
days. A new term, informatics, has been invented. 

A vague and intangible concept for almost all of us not so long 
ago, informatics is a new discipline of great significance which has 
heralded its advent at the top of its voice. It is concerned with 
various means of gathering, processing, storing and retrieving 
scientific and technological information. 

Consider, at least schematically, the scientific, technological and 
managerial aspects of attacking the problem. 
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It’s now indisputable that “non-material”, intangible information 
plays a leading role in production, whereas tangible material and 
energy rank second. 

Scientists have calculated the relationship between these factors 
which brings about a maximum increase in national income or gross 
national product. An increase in the material used for production 
can be a fraction of the resulting increase in income. The same 
applies to the increase in energy, though this fraction will be greater 
than in the case of material. But the amount of the information 
processed and used must increase at a rate which is higher than the 
rate of income rise. In fact, the increase in requisite information 
must equal the increase in income raised to the second, if not 
higher, power. 

Elaborating on this issue, Academician A. Berg pointed out: 
“Information has become a matter of economic policy, a problem of 
national importance.” 

In the face of the ever-increasing difficulties which are 
encountered in detecting a discovery amidst a wealth of knowledge, 
we shall be compelled to plan the processing of data on 
a nation-wide scale in the not so distant future. A target to process 
a given number of bits of information will then sound as natural as 
a plan to produce steel in tons or to generate power in kilowatts. 

Documentation activities are an offspring of the information 
explosion. The new cybernetic discipline concerned with legal and 
technical aspects of paper work will find its application in scientific 
information centres, archives, libraries, patent offices, museums, 
clerical departments, and the like. 

The documentalist, a specialist of a new sort who is at 
command of a cybernetic profession, has a tough job to cope with. 
He must really be a pilot in the boundless sea of information. His 
main task is to diminish the information about information, to 
streamline things so as to materialize, for example, such a figure of 
speech as prodigies of science. 

A unified national network of computer centres is being set up 
in this country. Interconnected by communication channels, it will 
handle the information used for planning and managing the national 
economy. A similar national system of processing scientific and 
technological information is also being created. It links institutes and 
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information centres at various hierarchial levels (national, republican, 
sectorial, and territorial) to over ten thousand information bureaus. 
The data pooled in this way comprise around one billion reports 
about scientific and technological developments. 

The information service in this country is staffed by hundreds 
of thousands of specialists. They scan bulky heaps of scientific 
publications with an “information X-ray apparatus” and put the 
most important things thus discovered to practical uses. 

The national system of scientific and technological information 
is like a chain of lighthouses along the coast of the endless sea of 
knowledge. It will be connected to the national automatic 
management system which is referred to as the navigator of 
production. The two systems will join their efforts to keep the ship 
of our socialist economy accurately on course. 

The world’s first international information centre has been 
conceived to serve the needs of the socialist community. Its 
constituents will be the national informatics systems of the socialist 
countries and the subsystems set up in industries and various 
branches of science and technology. 

A world-wide campaign for a comprehensive exchange of 
scientific information is in full swing. Scientists are now striving to 
set up an international community for the transaction of scientific 
information. A programme known as UNYSYST which has been 
undertaken under the auspices of UNESCO serves this purpose. 

Informatics is a new technology which utilizes the most 
promising technique. This applies, for example, to microfilm for 
recording various prints and to non-impact printers for the 
duplication of images at any time. 

An electron beam as fine as a human hair writes the text on 
a plastic film with a large reduction. The contents of a book can be 
thus accommodated in a single frame 35 mm by 60 mm. The entire 
Great Soviet Encyclopedia can be recorded on three metres of 
photographic film. For referencing microfilm, a reader is used which 
enlarges and projects one frame at a time on a large screen with 
the aid of an electron beam. 

Despite microminiaturization, the number of copies thus 
produced will be extremely great. Therefore, to identify the right 
copy among millions of others is really a problem. 


309 Information Explosion 


The right frame is located automatically by a special electronic 
device. It handles about six hundred frames per minute. But steps 
are taken to make it a faster reader with an estimated scanning 
capacity of one hundred thousand frames a minute. 

These actual facts are apprehended not without disbelief. The 
project of a multipurpose information machine is also received with 
a feeling of distrustful admiration. 

Scientists imagine it as a supercapacious memory, a sort of 
electronic book bound from extra thin-film micromodules. Films 
which are 2 500 times thinner than a hair are already in existence. 
Such molecular building blocks will be used to build computers 
which are 1/4 the size of a newspaper page, if not smaller. 

The memory of these computers will be arranged in accordance 
with the hierarchial principle. To explain this, we can draw an 
analogy with a multi-storyed house with corridors on every floor 
and with rooms along the corridors. The rooms contain cabinets 
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with shelves on which files are stored. Every piece of information is 
given an address which consists of the numbers of the house, the 
floor, the corridor, etc. Information will be gathered in the “books” 
from day to day and from year to year until a library is formed. 
No module containing obsolete or inaccurate information need be 
removed from the computer. This module can simply be 
disconnected from the circuitry. 

Access to the information can be obtained by dialing the 
address like you dial a telephone number. The retrieved information 
can be referenced with a common reader. 

Another project is also contemplated. Theoretically, the contents 
of the Encyclopedia Britannica’s twenty four volumes can be stored 
in a space not greater than the head of a pin. The information 
could be retrieved with the aid of its coordinates and read through 
an electronic microscope. The information contained in all the books 
in the,world could then be packed in a space not greater than your 
notebook. 

The almighty laser also lends its helping hand in designing 
information systems. It’s expected that laser technology will enable 
characters as small as light wavelengths to be recorded and read. 

These effective systems will provide scientists with any 
information needed at a moment. They will serve as catalysts which 
will speed up scientific progress. 

The new systems will be beneficial not only for the scientist. 
Any person will be in a position to seek their assistance, retrieve 
the necessary information in a ready-to-use form by analogy with 
A.C. Doyle’s Maracot. 

A scientific breakthrough will come in the wake of the 
information explosion. It will apparently change the ways and means 
of research. Shaw’s words about a man of a particular speciality 
might just raise a smile. The scientist can know then all about 
everything at any time. He will live in a world of new ideas, in an 
atmosphere of search. A new Renaissance will occur in science, new 
Leonardo da Vincis will appear on the scene who will be interested 
in everything and will be capable of doing many things. 
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The four passages and three soliloquies that follow are this author’s 
reflections concerning the odds of becoming a genius. They are my 
mental reservations in a dispute about the future of the intellect. 
Time and again we ask ourselves the questions: “Where do 
I stand in fact? What are my abilities? Why is a clever person 
clever, a talented one talented, and a man of genius a genius? Am 
I fit to acquire this or that thing through effort? if I wish it in 
earnest and try hard. Can I cultivate a talent and become a genius 
after all? If nothing can be done now, what are the prospects for 
the future? 


THE FIRST PASSAGE: FIVE VIEWPOINTS ABOUT THE PROBLEM 
OF GENIUS 


Who can be rated as a genius? The answer is more of a problem 
than it may appear on the face of it. Many names remain 
disputable, the discussion around them hasn’t yet subsided. 

An interesting survey of public opinion regarding this issue was 
carried out quite recently. 

A maximum of 400 persons deserve the title of genius. Not 
quite generous for a civilization that boasts a history of five 
millennia. Mankind could not afford to have even one full-fledged 
indisputable genius in a decade. Geniuses are born disappointingly 
infrequently. 

Geniuses are a kind of landmarks for civilization. They attracted, 
worried and even scared people for ages. Numerous works by 
philosophers, writers, psychologists and physicians have appeared 
which try to find out the truth about genius. Unfortunately, 
opinions differ greatly even now. 

Some of our contemporaries stick to the odd idea that a genius 
is a kind of medium who communicates the essence of unique 
reflections of a superior being to the man in the street. 

Others support Schopenhauer’s point of view that a genius is 
a child. (“Any child is a genius to some extent and any genius is 
a child to some extent. Naivete and exalted simplicity betray the 
relationship between the two individuals before all.”) 
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In vogue is the hereditary theory of genius. Its followers claim 
that genius accumulates from generation to generation as a sort of 
mysterious energy. Numerous facts prove this theory. So, the family 
tree of Johann Sebastian Bach shows fifty-six musicians, including 
twenty talented ones. The family ties of the Swiss mathematician 
Bernoulli included fourteen prominent scientists within a span of 
two centuries. The families of Titian, Vandyke, Darwin, Strauss and 
Curie were given credit for a frequent recurrence of talents and 
geniuses. 

On the other hand, the geniuses who descend from 


unpretentious families and have no prominent ancestors within three 
or four generations cast doubt on the hereditary theory. 

The so-called pathological theory attributes the rare 
phenomenon of genius to chance, whereby a given person is 
endowed with an organism deviating from the normal condition in 
the right direction. 

The 18th-century French philosopher Helvetius advanced his 
own theory of genius in his De Pespirit. He postulates that talent 
and genius, which is the highest form of talent, are traits which 
cannot be inherited. A person owes all his talents to the upbringing 
and training in the course of life among people. 

So, we have five viewpoints but none of them provides 
a plausible explanation. 

The theory of genius stirs interest among scientists these days 
as well. It is being studied in connection with such problems as the 
automation of the thought process, artificial intellect and in 
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feasibility studies of the project of computer-aided creativity. 
Unfortunately, even cybernetics couldn’t shed light on the 
decision-making mechanism of genius. 

Therefore, it is practical to consider personal viewpoints of 
geniuses and the results of research into creativity without going 
into the details of these studies. 

What are the concepts of a gift, talent and genius as defined by 
the psychologist? 

A gift is a trait which denotes the scope of ability of an 
individual to master a given sum of occupations. Talent and gift 
denote the scope of the aptitudes shown by an individual. Since no 
yardstick that can measure this scope exists so far, a talent is 
differentiated from a gift not in terms of aptitudes but by taking 
into account the products of creativity. 

Thus, a talent is the sum of aptitudes which can create 
a product that is novel, unique, consistent with high standards of 
workmanship and possessing social significance. 

A genius is the peak of perfection of a talent which, when 
attained, leads to radical changes in a given field of creativity, 
marks the beginning of a new era. 

The unconscious in creativity is a factor of paramount 
importance. Researchers stress therefore the role of intuition. 
Creativity is an intricate process of course. The creator must realize 
the task, formulate the problem, and seek a solution. An element of 
unconsciousness is present during every of these stages. 

The creativity of a genius is greatly influenced by his 
imagination, his fantasy. In other words, his psyche is involved in 
modifying or transforming conceptions. 

Prodigies of creation have frequently pointed out the impact of 
emotion on their work. An inspired person who is in an ecstasy 
over a creation feels highly delighted and joyful. He experiences 
a matchless happiness. It is as if the creator becomes estranged from 
his ego and merges with the thing he contemplates, grasping its very 
essence. 

Men of superability owe much of their success to an 
exceptional power of concentration. Both researchers and examinees 
have admitted this. Helmholtz said that his attainments resulted 
from focussing his attention on a particular idea for a long time. 
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L Pavlov characterized his Lectures on the F unction of Cerebral 
Hemispheres as “an outcome of contemplation that lasted 
unceasingly for twenty five years.” 

The notion that masterpieces of art and great scientific 
discoveries dawn upon geniuses, that they are bestowed upon them 
from the “heavens” or come out of the blue is circulated far and 
wide. On the surface, creative incentive may be spontaneous, 
surprising and beyond control. In fact, the urge to create has 
a social background. The materialistic theory of creativity admits the 
existence of ideal motive forces in so far as they are brought about 
by social and historical realities which stimulate incentives in the 
human brain in the form of images, ideas or willful aspirations. 


THE SECOND PASSAGE: INFANT PRODIGIES AND GREYBEARDS 
OF GENIUS 


None of the existing theories and viewpoints concerning the 
nature of superability, even if all are considered simultaneously, can 
demonstrate so vividly the creative power of man as a few felicitous 
examples. Some of them aren’t new. Nevertheless, every time you 
come upon them you are spellbound by the power of human 
intellect irrespective of age. Young geniuses alternate with those 
possessing high intellectual gifts in declining years. 

Champolgion gained the reputation of an outstanding polyglot 
at the age of 16. He proved to be worthy of the title at 36 when 
he deciphered Egyptian hieroglyphics. 

Examples of this kind are legion. Paskal, Leibniz and Gauss 
showed startling aptitude for mathematics since their early 
childhood. Mozart’s talent for music became evident at the age of 3. 
Karl Brullov, a famous Russian painter, was enrolled in the 
Academy of Arts at 9 and Alexandr Ivanov, also a painter, at 11. 
Edison started to invent in his teens. 

Most scientists came up with their prominent works when they 
were young, A. Vesalius, the reformer of descriptive anatomy, wrote 
his book when he was 28. Linnaeus mastered the fundamentals of 
plant reproduction at the age of 24. Newton discovered the law of 
gravitation when he was not yet 25. Mayer, Joule and Helmholtz 


315 Leonardo da Vincis of the 21st Century 


conducted their discoveries concerning the law of conservation of 
energy before reaching 28. 

It’s said sometimes now that this all belongs to the past. 
Nothing of this kind happens in our days of scientific progress and 
universal education. Facts prove this notion to be utterly incorrect. 

Enrico Fermi got to the top very early; he was a professor and 
an outstanding nucleonic authority at the age of 25. Irene and 
Frederic Joliot-Curie were on the eve of discovering artificial 
radiation at 28. The cybernetics’ father Norbert Wiener followed the 
path of science since his childhood. He told his story in the book 
I am an Infant Prodigy Mathematician. Landau entered upon his 
scientific career very young, becoming the Chair of Theoretical 
Physics at 24. The botanist Vavilov, the physicist Kurtchatov and 
the aircraft designer Yakovlev attained their prominence before the 
age of 30. 

The well-known Soviet mathematician Sergei Margelyan entered 
the university in his first year as a sophomore at the age of 16. 
Eighteen months after his enrollment, he wrote his post-graduate 
thesis. It was a brilliant work which earned him his doctorate at 
the age of 20. S. Sobolev, another prominent Soviet mathematician, 
became a professor and Associate Fellow of the Academy of Science 
at 25. His mathematical gift has worked wonders since that 
springtime of his life. 

How long can a person retain his creative ability? What are 
the bounds set by age on the activity of the human brain? 

A study carried out by psychologists has revealed four 
time-dependent patterns of creativity in the biographies of 200 
prominent painters and sculptors who lived to the age of 70 or 
older. There is an early flourishing at 25-30 followed by a rapid 
degradation at 40-50 (for example, L. Knaus and J. Jordaens), 
flourishing also at 25-30 and a creativity lasting well into the 
declining years (C. Monet, J. Houdon), late flourishing at 40 and 
rapid degradation (E. Degas, O. Rodin), late flourishing and old-age 
creativity (Titian, C. Caro). The first and fourth groups were the 
largest at 38 and 30 per cent, respectively. The second group 
accounted for 20 per cent and the third, for 12 per cent. Thus, we 
can see that many artists retained their creativity in old age. 

The composer and conductor Igor Stravinsky passed away not 
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so long ago. At the age of 88 he remained a musician before all, 
looking for new unknown artistic techniques. To present a new form 
of inventiveness, to offer a new interpretation seemed to be his only 
aspirations up to his last breath. To walk the earth for almost 

a century and remain as inventive as a youth is a feat which 
deserves respect and admiration. The creativeness of man is 
inexhaustible indeed! 

The poet de Beranger carried on up to the age of 77; Leo 
Tolstoi worked up to 82; Victor Hugo, to 83; Academician Pavlov, 
to 87; the microbiologist Gamaleya, to 90; Bernard Shaw, to 94. 
Diogenes, Democritus, Titian and Michelangelo remained productive 
even after they had turned 80. 

This list could be continued without end. There is a world of 
examples which all prove the same: our potentialities by far surpass 
the habitual margins. 


THE THIRD PASSAGE: WONDROUS MEMORIES 


An estimate by the outstanding contemporary mathematician 
and cybernetician von Neuman is sensational: the human brain’s 
theoretical capacity is around 10! units of information. This implies 
that any person can memorize the information contained in all the 
books of one of the world greatest libraries, the Lenin Library in 
Moscow, which are counted by the million. 

On the surface, this appraisal seems to be incredulous. But let’s 
resort to facts which prove the existence of astonishing memories. 

I refer here to various people from various epochs who memorized 
various things in various situations. 

Historiographers assert that Gaius Julius Caesar and Alexander 
the Great of Macedonia knew by name every soldier of their 30000 
strong armies. The same applied to Cyrus, the king of Persia. The 
famous Themistocles knew by name every of the 20000 inhabitants 
of the Greek capital. Seneca could recite 2000 words not 
interrelated with each other after hearing them only once. 

The erudite mathematician Leonhard Euler had a startling 
memory for numbers. He kept in mind the results of raising any 
number from 2 through 100 to the power of 2 to 6. Academician 
A. Yoffe knew by heart the table of logarithms. Academician 
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S. Tchaplygin, another remarkable scientist from this country, 
memorized every telephone number even if he had called it only 
once some five years ago. The great Russian chess player Alekhin 
could play chess “blind” with 30-40 opponents at a time. 

These examples give an account of memories possessed by 
persons who left their marks on history. But ordinary people also 
commit to memory numerous things throughout their life. The 
ability to accumulate reminiscences renders immeasurable our 
intellectual wealth. The above examples not only illustrate the 
compass of human ability to memorize. They lead to some 
conclusions. 

Memory is the cornerstone of the thought process. People 
realized the role of memory even in ancient times. Aeschylus wrote 
in Prometheus: 


“What did the mortals get from me? 
The art to count and write, 

And memory-the origin of th’ Muse, 
A spur in all inceptions.” 


No creative or inventive mental power can exist without 
memory. Most talented people and men of genius possessed good 
memories. Scientists claim that talent varies directly with memory. 

It’s said that geniuses devoid of memory do not exist. It should 
be mentioned, however, that not all individuals with remarkable 
memory have created something outstanding for mankind. You 
already know about them. On the other hand, the memory of some 
geniuses has left much to be desired. So, we see that an 
unambiguous memory/talent correlation doesn’t exist. 


THE FOURTH PASSAGE: MIRACLE CALCULATORS 


Hardly any other faculty of the human brain is as fascinating 
as the riddle of virtuoso calculators. You may refresh your memory 
about them by thumbing back to the “Faster than Machine” 
chapter. The task which faces us now is to try to learn the secret 
of this gift. Scientists believe that adult calculators acquire their 
phenomenal gift through effort, that is with the aid of systematic 
training. Calculators often track down a short path to solutions 
during their wandering through the jungles of numbers. 
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Leo Tolstoi commented on a session by the calculator 
Diamandi: “As a matter of fact, this faculty of his is valuable for 
all of us.” But it were not speedy calculations that the great author 
had in mind, for he continued: “How relieving it would be to solve 
problems as speedily as Diamandi does his sums; abstract, 
concentrate, and reason the idea so as to leave no room for doubt.” 


THE FIRST SOLILOQUY: CAN ONE BECOME A GENIUS? 


Ponder over Tolstoi’s words. He has formulated in a nut shell 
the approach to any problem from the realms of creativity. Is there 
a more simple plan than the one he has suggested? Abstract, 
concentrate, reason the idea, leave no room for doubt. 

This was the way Tolstoi, a person of outstanding endowment, 
pictured the thought process to himself. I believe I’m not mistaken 
by coming to this conclusion. To leave no room for doubt was 
apparently the great author’s routine practice. And he always 
succeeded in his works, as we know. Tolstoi’s amazingly clear-cut 
insight into life has won him the admiration of millions of people 
of many generations. 

Thus, if a genius has disclosed to us the mechanism of 
creativity and has suggested a code to be followed, does this mean 
that we can apply them in solving our problems with the same 
outcome? Everything seems to be so simple. However... 

Daniil Granin, a well-known novelist whose heroes are 
researchers struggling along their thorny paths, has written 
a noteworthy book Sacred Gift. It is an attempt to disclose what is 
a genius with due regard for the viewpoints of both lyrics and 
physicists. 

My approach to this work may sound somewhat utilitarian. But 
there is no alternative to my rationalism because the subject matter 
of this soliloquy is very particular. I believe that D. Granin and the 
reader will forgive me for this. 

“Can a man become a genius?”, D. Granin asks. He considers 
the psychological aspects of the question by contrasting the origins 
of creativity of the heroes of Pushkin’s Mozart and Salieri. 

“Pushkin could not make a better choice than Mozart among 
a host of other prominent persons—scholars, poets, artists, 
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philosophers. ‘Mozartianism’ is a term generally accepted nowadays 
to denote a ‘heavenly gift’ that enables a genius to create effortlessly 
and with inspiration. The genius of Mozart ranks second to none. 
It’s an illumination rather than work. It’s a symbol of a mysterious 
exhilaration which readily materializes itself into utmost perfection.” 

“But can a man become a genius?” Granin repeats his question. 

“Salieri was positive about this.” He was convinced that what is 
called a ‘heavenly gift’ can be cultivated through effort, by virtue of 
the power of one’s intellect. Man is omnipotent. Salieri believed in 
the triumph of human will, human purposefulness, rules of algebra, 
and science. He was born “with love for art”. It was not a talent. 
He was devoid since his childhood of the urge to create and invent 
without any obvious purpose. Creativity is neither a necessity nor 
a way of self-expression for Salieri. It’s a pursuit he wants to master 
and he proceeds to his goal meticulously, step-by-step. 

“Hard is the first step 

And tiresome the first journey. I o’ercame 

Early discomfitures; and craftmanship 

I set up as pedestal for art; 

Became the merest craftman to my fingers 

I lent a docile, cold agility, 

And sureness to my ear. I stifled sounds, 

And then dissected music like a corpse, 

Checked harmony by algebraic rules; 

And only then, tested and proved in science, 

I ventured to indulge creative fancy.”* 


“Salieri’s youth, his mature years, all his life have come then 
forth to me as a purposeful and in a sense absolutely straight line,” 
Granin says. 

“That’s how I picture a model scientist to myself: persistence 
and clear understanding of the object pursued. The ten-year-old boy 
Schliman promised himself that he would find and dig up the 
remnants of ancient Troja. And he devoted all his life to that task. 
Faraday tried to find out whether magnetism generated electricity 
for seven successive years. Nothing could divert his mind from the 
work he was so devoted to. A real scientist must be obsessed with 
his ideas. So was Salieri. But his idea was odd—he wanted to 


* Translated by A.F.B. Clark. 
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become a creator. He was devoid of creativity and he procured it, 
trained it.” 

The path upon which Salieri embarked in order “to become 
a genius” is often recommended now. It calls for a lot of effort. But 
not an aimless one applied with a hope for a delusive success. An 
effort that is aimed (or programmed, as it’s said now) towards 
achieving a final goal. 

“This all sounds modern,” the author of Sacred Gift concludes. 
“Something of the kind takes place when mathematicians analyze 
music from their standpoint and write programmes which provide 
for composing new music. That’s now the job of mathematicians, 
not composers. They endeavour to take into account the inspiration 
and susceptibility of genius by introducing an element of 
randomness; the so-called Monte Carlo method is used to that end. 
Mathematicians study the law of composing, identify variables, 
develop algorithms. By analogy with Salieri, they test the harmonic 
relations of tones in the music by Bach, Gluck, Haydn, Mozart by 
means of algebra, set up harmonic plans. 

“Such experiments are afoot in many labs. But they are 
conducted by mathematicians for the sake of verifying certain laws. 
Unlike them, Salieri looks for a mechanism that would enable him 
to create. This mechanism must be from the realms of algebra 
rather than arithmetics. For his ambition is not to compose 
ordinary music but to learn how to produce masterpieces worthy of 
a genius. The mechanism of genius is a kind of philosopher’s stone 
that would provide for composing heavenly music. 

“If he were to make up his mind to achieve the same 
nowadays, he would become a prominent cybernetician.” 

We all know that neither Salieri nor his followers got an 
answer despite the composer’s high standard of mastership, 
recognition, fame and even glory. And is there an answer? 


THE SECOND SOLILOQUY: MADE-TO-ORDER GENIUSES 


Test-tube babies is an issue debatable now as fervently as ever 
before. In the 1950’s, the sensational experiments by the Italian 
doctor Petrucci caused much controversy. Later on, test-tube babies 
became a reality which was acknowledged in certain cases only 
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when a barren woman gave birth to a normal baby having been 
impregnated with a human embryo that had been prepared in a test 
tube. Nowadays, Britain alone boasts 110 test-tube children. A Leslie 
Brown had her second test-tube baby, Natalie Jane. Her first child, 
also a girl, was born in 1978 owing to the same method. In the 
USA, some 25000 women are artificially inseminated every year, 
giving birth to 10000 babies. 

Artificial insemination is a humane practice, for it relieves 
a barren woman from suffering. But the idea to “hatch” 
made-to-order geniuses which has been suggested by some scientists 
in the West seems to be offkey. They contemplate insemination with 
the genetic material of gifted persons kept in cold storage. 

Several medical practitioners volunteered to implement this idea 
into practice. The Nobel Prize winner in medicine and biology 
Hermann Moller was obviously their inspirer. He in earnest 
requested would-be parents to give up their egoistic aspirations —to 
reproduce their genetic code in their children—and to “engineer” 
babies after the best genetic models. This was a direct appeal to 
fabricate superchildren. 

Can such thing become a reality? 

It is said that the revolution in science and technology is 
entering or has entered a new phase. Attention is being focused on 
biology in general and on gene engineering in particular. 

The progress in gene engineering creates a fascinating outlook. 
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We can shape DNA molecules at our will, remove a gene which is 
adapted to carry out a particular function from DNA and introduce 
this gene into another living system for speedy reproduction. 

The existing gene engineering techniques provide for stocking 
deep-frozen embryos of practically any living being and for 
implanting these embryos in “foster mothers”. Offsprings of valuable 
animals are already produced in this way. 

A sober summary of the march of events in gene engineering 
appeared recently: “It’s within the power of gene engineering to take 
a gene out of any organism and transfer it into another organism: 
to ‘read’ a gene, that is to determine the sequence of nucleotides 
therein; to make a gene operant; to change a gene; to replace some 
parts of a gene.” 

We now know how to find the right path through the genetic 
jungles. We can transform almost every living thing into almost any 
other sliving thing. We have undoubtedly entered the era of genetics, 
and we can police the molecules of which we are made. We are 
becoming increasingly confident that genes not only control the 
functions of our organism but also take part, though to some 
extent, in shaping our behaviour, our personality. This means that 
the geneticist in due time might become the master not only of our 
body but of our intellect as well. 

Wouldn’t this all be “more and more curious”, as Alice used to 
say in Wonderland? We can now afford to improve human nature 
by changing the genetic code in a task-oriented way. This creates 
the prospect of “genetic planning of individuals”. Model persons, 
athlets or intellectuals, can be thus turned out according to a plan. 

Man has mastered the surgery of genes with the intention to 
transform living organisms. Schematically, it is a simple operation. 
The genetic material-containing nucleus of a cell of the living 
organism we are interested in is introduced into a female sexual cell 
whose nucleus, which also contains a genetic programme of its own, 
has been removed in advance. The ovum is then implanted in the 
organism of a foster mother where it develops into an embryo of 
the organism whose valuable offspring we plan to produce. 

This implies that we can grow doubles of outstanding 
personalities in countless numbers by implanting their DNA into 
female sexual cells of ordinary women. We can thus conveyorize the 
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birth of legions of strong men modelled like Hercules or flood the 
world with replicas of geniuses not inferior to Leonardo da Vinci. Is 
it really so simple to imbue a female sexual cell with such faculties 
as high intellect, nonpareiled beauty or Herculian strength? 

Involuntarily you visualize a scientist, who looks like an 
alchemist holding flasks with the genes of intellect, beauty and 
strength in his hands. He takes the genes from the flasks and 
introduces them. into female ovum, thus “creating” made-to-order 
geniuses. 

You also can’t help recollecting the book Brave New World by 
Aldous Huxley which raised such fuss. It describes a laboratory 
where new people of the new times are confined to artificial 
placentas in thousands of flasks and wait for their hour to enter the 
world. 

When the 13th International Genetic Congress convened in 
Berkley, USA, in August 1978, some delegates labelled the gene 
engineering technique discussed there as “borrowed from the pages 
of science-fiction books” and unfit for practical application. 

But the technique which sounded so fantastic then is on the 
agenda now. It’s the so-called cloning or asexual reproduction of 
human beings from a single egg cell. The embryos subsequently 
divide into single cell twins. The descendants acquire the genetic 
code of the ancestors, and all the offsprings are genetically identical. 

Identical twins are very much alike not only in physical 
appearance but in intelligence and characteristic features of their 
mind and body. Not uncommon are twins with the same tastes, 
habits, interests. The likeliness of twins goes so far that they can 
both suffer from a headache at a time. 

A clone is an exact replica. This gives scientists reason to 
believe that a clone must be absolutely identical to the donor. Not 
excluded is the possibility that a clone of Bach may become 
a prominent composer and that of Newton, a great physicist. 

So, made-to-order geniuses, mass-produced geniuses are looming 
on the horizon. This outlook, it must be stressed once more, 1s 
biologically feasible, theoretically validated and practically possible. 
However... 

A large-scale breeding of geniuses is impossible for numerous 
reasons. 
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An extremely intricate system of genes counted by the thousand 
is responsible for every human faculty, every state of a person’s 
mind and body. Any alteration of this setup isn’t an easy task. 
There is also a hazard that the lineages which descend from 
a common ancestor might draw closer together in the third or even 
second generation. This may lead to hereditary diseases and the 
degeneration of posterity. 

The infants reared on a mass scale from the same genetic 
material would be much alike in appearance as the members of the 
same family. Does mankind really need crowds of people who look 
like each other as brand-new coins of the same denomination? 

A clone of a great man will never equal the donor in point of 
talent. A genius is an outstanding person who lives in a given 
environment during a given period of time. A clone of his will live 
in another environment and face his own problems of other times. 
This may result, as one scientist has mentioned it, in flooding the 
world*with drab replicas of celebrities. Who will care about them 
when they live outside their times, outside the scope of their 
problems and interests? 

The donor and his clone will be reared in different organisms 
so that some dissimilarity between them is unavoidable. 

We may thus conclude that the physiological factors acting 
during the prenatal period and the social factors after birth are of 
no less significance than the genetic factors. 

And last but not least. Will people really be willing to change 
for the sake of producing geniuses on a large scale? Many 
geneticians strongly object any control of the hereditary mechanism 
at this stage of social evolution for the mass breeding of geniuses. 
No steps should be taken to increase their number. Any 
overproduction of geniuses may lead to an intellectual devaluation. 


THE THIRD SOLILOQUY: ON MAN/MACHINE SYSTEMS 


The five viewpoints about the problem of genius and the 
narrations about infant prodigies, greybeards of genius and the 
fascinating power of the brain convincingly prove that no person 
can become a genius no matter how ingenious his mind is and how 
hard he tries. Gene engineering provides no answer to the problem 
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as well, despite the miraculous techniques it relies upon and its 
promising outlook. 

It’s indisputable that a person’s life, his behaviour and even his 
old age hinge upon the intellect. The higher the performance of the 
central nervous system, the greater the potentialities of the human 
organism. 

People are immensely proud creatures. Man has made his 
intellect the kernel of the world and he isn’t willing to cede the 
priority of his mind to anything else in spite of being fully aware 
that our planet is only a grain of sand in the boundless tracts of 
the universe. The intellect, endowment and genius are highly 
esteemed by people. Therefore, the problem of how to improve one’s 
endowment is given top priority whenever man turns his eyes to the 
future with the intention to find out what awaits him there. 

Optimists believe that an ever-increasing number of people will 
with time attain the standards of intelligence which are now 
accessible to a small and therefore privileged elite. They are 
convinced that broad masses will acquire the ability to handle 
things which fall now within the prerogatives of gifted personalities. 

Optimists also believe that the human brain will develop 
without restraints. The intellect of a new generation is always higher 
than that of the preceding generation. Therefore, people will attain 
higher intellectual standards and the endowments of not only a few 
of them in some fields will equal those of a genius. 

Pessimists uphold another point of view. They say that in so 
far as the physical functioning of our organism evidently takes place 
within certain physiological constraints, the evolution of the brain 
cannot be boundless. The tendency of the brain towards perfection 
is doubtful, for—as pessimists point out—human mentality hasn’t 
changed very much since the advent of homo sapiens. Our ancestors 
were as talented as our contemporaries. The genius of Euclid and 
Pythagoras is comparable with that of Mendeleev and Einstein. The 
only difference between the geniuses of the two epochs is that the 
enlightment of each of them is based on the sum of knowledges 
acquired by the preceding generations. 

Pessimists wind up their discussions by claiming that in the 
foreseeable future people will be the same as we are now. 

No, their opponents say. The evolution of man goes on abreast 


526 Leonardo da Vincis of the 21st Century 


with the evolution of the brain and is supported by the brain which 
acquires a more complex structure. The progress in biological 
science mustn’t be overlooked because it may provide ways and 
means of changing the chemistry of the thought process, the 
structure and operating principle of the brain so as to increase 
human intelligence to a great degree. Pessimists are outraged: 
“Homo sapiens is astonishingly vainglorious. He disregards the laws 
of evolution. Why does he think that his hands are free? How can 
a fool become a genius, even if man has gained control over 
biochemical processes in the brain?” 

The delegates to the 2nd All-Union Anthropological Congress 
held in Minsk in 1981 were almost unanimous that the brain is in 
a state of evolution. Its upgrading results from the continuous 
impact of various ecological and social factors. The pattern of 
evolutionary changes in the brain has changed, for an 
ever-increasing number of nerve cells is required to gather, process 
and store the tremendous amounts of information. 

Academician N. Dubinin believes that “the brain’s ability to 
gather and process information, to set up common or unique 
responses to the environment, that is, its potency for the processes 
that shape the intellectual identity of a person, is really boundless. 
The brain consists of 14 billion nerve cells. Each of them is 
provided with 5 thousand bonds which connect it to other cells. 
Certain processes also take place at the cellular level. Thus, the 
aptitude potential is limitless, the degrees of freedom are countless. 
Unfortunately, every person utilizes not over one billionth of 
a fraction of his abilities throughout his life span, no matter how 
talented he might be.” 

So, it appears that the efficiency of a genius and that of an 
ordinary person are the same-—one billionth of a fraction. Therefore, 
it may be assumed that the difference between them is a matter of 
quality. The psychologist testing children for mental development is 
keen to ascertain his patient’s ability to perceive and single out as 
many features of a thing as possible. In other words, he assesses the 
“quality” of the mind. A talent is thought of as an ability to hit the 
right nail on the head which everyone does see but misses to hit. It 
is a qualitative distinction. A genius hits a nail which no one sees 
except him. This is a quality of a higher order. 
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Only one thing is obvious: the upgrading of the human intellect 
is a social problem rather than a biological one. Is man capable of 
solving this problem? As far as a genius is concerned, there is no 
answer as always. Everything is obscure in this case except the fact 
that a genius is a genius. 

But to help people hit the nail which they all see is a practical 
possibility. They must only be provided with requisite ways and 
means. 

As often as not, man doesn’t know how to hit the nail which 
he can see. If he could try all the versions, one by one? 
Unfortunately, this is outside the compass of his intellect so far. 

At this stage of civilization, our ability to gather, process and 
store information is far below a level which provides for coping 
with the complexity of the world. An incessantly rising tide of 
information overwhelms modern man. He cannot process all of it. 
But information exerts an ever-increasing pressure on all aspects of 
the social evolution of man. It is as if it became an integral part of 
man’s physical and mental essence. 

We all sustain the burden of information which does not tend 
to get lighter. Just the other way around. The flood of information 
constantly increases and to bring it under control is a problem of 
increasing difficulty. 

W.R. Ashby, one of cybernetics’ forefathers, advanced the idea 
of an artificial genius. Later on, this promising idea of his was 
supplanted by a more prosaic and realistic concept of an “amplifier 
of human mentality”. 

The computer with its inherent ability to store and process vast 
amounts of information has appeared to be the first step towards 
amplifying human intellect. An artificial intellect is the next logical 
step on the way to amplifying mental power with the aid of the 
computer. 

The artificial intellect isn’t a synonym of the artificial brain. It’s 
a new province of research which is focused on problems solvable 
by processing meaningful information, not numerical information as 
on the digital computer. A computer employed in an artificial 
intellect system will not content itself with information, it will need 
knowledge. The artificial intellect will process knowledge much faster 
than man. The rapport of the sharp wit of human intellect with the 
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speedy operation of machine will radically change the thought 
process and the process of creation. 

The prominent Soviet cybernetician Academician V. Glushkov 
writes in Principles of Paperless Information that the integration of 
telecommunication with informatics will give every man access to 
the mammoth computorized storehouses of information. Equipped 
with a small electronic gadget, he will be able to obtain any fact, 
knowledge, including information that has been processed for direct 
utilization, wherever he might be. Man will be relieved of the 
necessity to burn the midnight oil in order to learn a lot of things 
“just in case”. He will need to acquire the ability to examine, 
collate, analogize, invent, discover, create. 

The man/artificial intellect system of creation will greatly change 
the pattern of human activity. The level of intelligence will rise 
sharply. The creator of the artificial intellect will be an intellectual 
of a new, higher status. He will solve the problems which have been 
hitherto outside the compass of human ability. 

Is it sensible to strive to produce geniuses at whatever cost, 
even if the multi-faceted creativity of the would-be Leonardo da 
Vincis of the 21st century are vizualized in the endowment of the 
man/machine systems of intellect? They will open up an era of new 
productive forces. 

Mankind will then need geniuses as badly as ever before. 
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Seer 

The question which naturally arises when you read this title is: 
what language are you talking about? Does it imply that the 
machine has acquired the faculty of speach, the ability to exchange 
thoughts with each other, asking man questions, and answering the 
queries? That’s incredible, and nothing of this kind could happen. 

This is all indisputable. We know that language is the main 
means of communication between human beings, an endowment 
inherent in man only. Then what does it mean—machine language? 

Such language exists. Moreover, it steadily improves. The 
process of streamlining the language has posed more than just one 
problem before scientists. 

As stated in one respectable scientific book, for ages mental 
aids served mainly as means of memorizing and communication. 
They enhanced the brain’s ability to store information and to 
transmit it from the sense organs to the muscles, that is from the 
sensors to the final control elements. Memorizing and 
communication are two functions which are tightly interrelated. The 
former is the transmission of information in time, and the latter in 
space. Both of the functions are passive, for the information that is 
being stored or transmitted is not processed in a purpose-oriented 
way. A branch of a tree which a mammoth hunter had bent in 
order to trace his way home or to show the fellow hunters the path 
to be followed was a means of memorizing in the first place and 
a means of communication in the second. Thus, it was a mental aid. 

Later on, other means of memorizing and communication 
appeared on the scene: written language, book printing, 
photography, telegraph service, telephone, taperecording, the cinema, 
radio, and TV. They are part and parcel of modern civilization. 

The respectable book I refer to is dedicated to a specific topic, 
and therefore omits the things which are known. It doesn’t say that 
all these means of memorizing and communication rely on a system 
of signals to communicate ideas. This system is a kind of language 
which facilitates discourse. 

If we use conventional parlance, the law of additions reads: 
“The sum of the numbers which are being added is not influenced 
by the order of adding.” The same law can be represented in the 
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form a+b=b-+a. In the former case we use sixty five characters 
and in the latter, only seven. The expression has been shedencd to 
almost 1/10 of the original length. 

The characters of a symbolic language can be used to denote 
objects of study, their properties and relationships, the operations 
carried out. You may write “water”. But if you write H,O, that’s 
a horse of quite a different colour. 

The computer is a novel mental aid of unprecedented 
| performance. It needs a new language of its own. The language is 
simple and complex at the same time, for it is called upon to 
perform many operations. Computer language doesn’t take into 
account the single-valued functions which were known before the 
advent of the computer. The information which the computer stores 
and disseminates is also subjected to problem-oriented processing. 
The situation has thus changed qualitatively. 

The well-known British scientist John Bernal writes that 
computing equipment and the codes it uses can now materialize 
human thought into totally new forms and thus replace language to 
some extent or even surpass it. 

What are the forms Bernal has in mind? 

The problem of computer language is discussed now from 
a somewhat different angle than in the chapter “Man/Machine 
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Dialogue”. We shall pay attention to programming languages, codes, 
machine instructions. 

In modern computer technology, programming languages 
provide a means of communication between man and a computer, 
between people with the aid of a computer, between computers, 
between a computer and another system, and within a single 
computer. Therefore, these languages must be precise, compact and 
unambiguous. Natural languages include words that are ambiguous 
for a computer and are not suitable for use. A significant branch of 
linguistics and logic is concerned with the development of machine 
languages. 

A machine can accept a formal language which consists of a set 
of symbols that can be used for accurate transmission of 
information. 

What is the minimum number of symbols which is required to 
transmit a message? It turns out that two symbols can do the job 
by analogy with the Morse code which employs a system of 
dot-and-dash signals. Dots and dashes can be replaced by some 
other characters, for example 1 and 0, which are the elements of the 
binary code. 

People have been intrigued with the potentialities of the binary 
system for a long time. Binary arithmetics was particularly popular 
between the 16th and 18th centuries. Leibnitz requested the 
stamping of a medal dedicated to the dyadic system, as binary 
arithmetics was called in those days. The inscription “To deduce 
anything from an insignificance, unity is needed” was engraved along 
the medal’s circumference in a ribbon-shaped frame. 

After that, nothing was heard about the subject for almost two 
centuries. And it was mathematical cybernetics which brought binary 
arithmetics into the limelight again. 

The binary code has proved to be a meaningful machine 
language. Electric pulses are used to transmit it. In the Morse code, 
the meaning of signals varies with the pulse duration (dot, dash). 
The computer takes notice of the amplitude of the signal’s strength: 
current off represents 0, current on means 1. This technique is 
reliable because the machine responds to the current being on or off 
without failure. 

In the binary system, two digit positions of a unit form a unit 
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of a next higher digit position. The difference between binary and 
decimal notations can be noted from the example that follows (the 
decimal notations are parenthesized): “He proved to be a bright boy 
already in grade school. He did his sums in 101-110 (5-6) minutes 
whereas his class-mates toiled over them for half-an-hour. Endowed 
with remarkable intelligence and bursting with energy, he happily 
graduated from college one year ahead of schedule, that is in 11 (3) 
years, and became the head of a research laboratory at the age of 
10100 (20).” 

The binary system is used to digitize computer inputs. It’s also 
used for coding the instructions within the machine. 

But to solve a problem is a task which differs significantly from 
the job of representing information in numerical form. 

Before solving a mathematical problem on a computer, a person 

with the necessary skills translates the problem from natural human 
language into a programming language. The programme sequences 
the operations and describes the computations that should be 
carried out. 

' In other words, the problem is translated into a formal 
language which describes the algorithms that should be followed on 
a computer so as to obtain the solution. 

Unfortunately, the languages developed for man/machine 
interaction are too numerous. A problem originally formulated for 
solution on a given computer must be reprogrammed if it may 
appear to be necessary to solve it on a computer of some other 
type. This is wasteful of both time and labour. 


Re 33 Machine Language 


Thousands of artificial languages, a kind of Tower of Babel, 
have appeared since the advent of the computer. They are ALGOL, 
COBOL, FORTRAN, JOVIAL, LISP, ALPHA, ALCOPOL, APZ, 
MATEMATIK, to name but a few of them. 

ALGOL prevails among other languages that are used today. 
But it didn’t come up at once. Lasting preparations preceded an 
international conference that convened in Ziirich in 1958 to prepare 
a draft. A working group which had been set up by several 
international organizations concerned with computer technology in 
order to correct the errors and delete all apparent ambiguities from 
the draft couldn’t start its work before 1960. The first version of the 
language known as ALGOL-60 has been replaced by ALGOL-68 
which is in use now. 

The epigraph to one of its editions reads: “True wisdom knows 
it must contain some nonsense as compromise, lest fools should fail 
to find it wise.” 

Following this advice, ALGOL-68 is comprised of only five 
hundred words that range from begin to end given in symbolic form. 
Unfortunately, the machine language is comprehensible — apart 
from the computer—to professional programmers only. They stand 

now between the machines and people as mediator priests. 

This situation cannot exist forever. Mediators will be in short 
supply in the face of the mushrooming population of computers. It’s 
high time to think about the future of machine language. 

Computers of new types are put into operation, computing 
techniques improve, and the field of computer application widens. 
This cannot but have an effect on machine language. It changes, 
improves, lives. Where will this progress lead us? 

I fully realize how intricate the problem we face now is when 
we are considering machine language, I know some of the peripetias 
from the four-century history of universal language, and I am aware 
that we speak about the future. 

Nontheless, we must agree that our everyday life, nature, man 
himself, human culture and human experience all have an effect on 
this language. Our everyday language cannot remain immune and 
unresponsive to the impact of such a powerful mental aid as the 
high-speed computer. 

Language and psyche are closely interrelated. Wouldn’t then 
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machines influence the mental functioning of man by means of their 

language? The language also provides a link between society and 
man. The machine is now entering the field of man/society 
relationship. Wouldn’t this have an effect on the language? 

I can’t help mentioning an interesting train of thought expressed 
by Academician V. Glushkov. He believes that mathematical symbols 
and the correlations that exist between them have automated to 

some extent the thought process or have even brought about a new 
way of thinking. It’s not at all unlikely that the algorithms used to 
solve problems on the computer will also give rise to a new way of 


reasoning, an economizing one and penetrative in all respects. This 
is a slow process but one holding out promise. 

Ill refrain from touching upon all the problems of universal 
language. But one of them is worth mentioning because of the role 
that cybernetics and the computer with its machine language might 
play in connection with it. 

Several theories of universal language are known: the theory of 
auxiliary language, the theory of the auxiliary language and the 
common language which are in fact two universal languages, the 
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theory which says that the universal language has emerged from 
natural languages, and the theory that upholds that languages are 
going to merge on a world-wide basis. It’s difficult to say now 
which of the theories deserves more favour from cybernetics than 
others. 

You have just read about the information explosion. People do 
not know how to cope with the abundant multi-lingual information 
in science and technology. Scientists look for a way out of the 
linguistic jumble. They ask themselves the question: does science 
need a universal language? This issue has been associated with 
another one since some time in the past, with the so-called 
languages of exact sciences which may also have an effect on the 
natural language. 

The theory that national languages cannot provide for an 
effective communication between people holds no water. On the 
other hand, we must face the realities of our epoch. It’s obvious, at 
least for many of us, that no national language can exist in 
isolation. The reasons to use a common language are numerous in 
our life: universal calender, universal units of measurement, universal 
scientific nomenclature, unified transportation network, world-wide 
communication and meteorological services, international space 
mission with space walks and landings on other planets, etc. 

I witnessed it myself, how delegates from various countries who 
attended a mathematical congress managed to understand each other 
without interpreters. 

But let’s go back to the machine language. It’s already evident 
that an enlargement of the vocabulary of machine language will 
have a “taming” effect on the computer. This in turn will “urge” an 
increasing number of people to know the machine language perfectly 
well. The machine language will gradually encroach upon man’s 
everyday life. The computer will demand a superlanguage in a not 
so distant future which will enable it to solve problems of any kind. 
Such a language will obviously include plain words. Thus, the gap 
which exists now between human language and machine language 
will be gradually bridged. 

Wouldn’t that be a breakthrough conducive to solving the 
problem of a universal language adopted on a world-wide basis? 

People are generous. They lightheartedly share with the 
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computer the thing which they owned solely by themselves. What 
will be the price of their generosity? The language of the morrow is 
a problem that requires a solution today. The fact that the 
computer has entered into the discussion of the problem may tell us 
something. The computer hasn’t said its last word yet. What will it 
be? Wouldn’t man content himself with an awkward fifty-to-fifty 
conglomerate of human language and machine language? Unless he 
teaches the computer his own language of course. 
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When we refer to the language of mathematics, we stress the 
exactness of formulae. I want to point out how meaningful a word 
can be when it is used by the mathematician. 

A very specific book on cybernetics surprised me by venturing 
to disclose the mathematical essence of a problem in plain words. 

“No elementary configuration can attain state U on its own 
accord. It can ‘kill’ itself by ceasing to function on reaching, for 
example, a certain age. But it cannot ‘bury’ itself, that is to turn all 
its cells into state U... We may request an elementary configuration 
to transmit, for example, an omnidirectional ‘I am alive’ signal as 
a part of its routine operation. Moreover, the configuration may 
‘listen’ to the same signal when it has grown yg operations older 
and take preparatory steps in order to ‘bury’ itself in those 
directions from which no such signals will be coming. Finally, the 
configuration must commit ‘suicide’ at the age in excess of Yo 
operations unless it attends the ‘funeral’ of a neighbouring 
configuration which is ‘dead’. The ‘suicide’ age of yo defines the 
depth d of an ‘immortal’ wave.” 

The tragic tenor of this passage is uncommon in mathematics. 

Another excerpt is imbued with the irony of a graceful warning: 
“The risk of modelling by analogy is a risk in principle, for one 
may get enthusiastic about a very beautiful model.” 

Even such a strictly mathematical term as differential-difference 
equations may sometimes need also a “human” explanation: an 
equation with a lag or one with a deviating argument. 

How delightful is the mathematical landscape of “Edenic 
configuration”! And how tragic sounds the principle of “brittleness 
of the good” in the mathematical theory of disaster! 

The editor who has an eye for mathematics may frown if you 
write: “The maximum possible service life of strictly localized 
automata”. He would add then in a footnote: “Life expectancy is 
a term which is much more appropriate than service life.” 

Lively new terminology which sounds human already has the 
upper hand here and there. But old terms still exist in parenthesis: 
“expanding but ‘mortal’ (attenuating) configuration, ‘immortal’ 
(non-attenuating) wave.” 
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Spinning reserve, cold reserve, unloaded reserve, reduced reserve, 
the pattern of crash, deletion from waiting line, the intolerance of 
request, the breaking down of queue length, the breaking down of 
waiting..time, confidence intervals to assure no-failure operation, the 
collective behaviour of automata are terms which have gained 
recognition and are widely used in topic-specific articles and books. 

Numerous mathematical problems have acquired plain names: 
the travelling salesman problem, the shortest-root problem, the 
assignment problem, the stepping-stone method of transportation, the 
knapsack problem, the locating warehouses problem, the bottleneck 
problem, the moving-boundary problem, the bankruptcy problem. 
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This is, as we can see it, a radical turn away from such terms as 
closing algorithm and normal disjunctive form. 

Even such an intricate field as game theory is in need of plain 
language: gambling game, fixed-sum game, noncooperative game, 
convex game, positional game, test for degeneracy, possible event 
time, simple game. The existing games are numerous but all of them 
fall between a gambling game and a simple game. 

How far will this process of intrusion of plain words into the 
most abstract science of mathematics go? 

P.S. The article “On the Problem of Information” in Science 
and Life had attracted my attention when I was about to finish this 
chapter. I could have missed it but the author was an acquaintance 
of mine. I. Grekova was the pen-name of a scientist who had 
started to write stories. Her article gave an answer to my question 
as if she had known that I would have been going to ask it. Judge 
for yourself: 

“In intruding into new realms, the mathematical methods 
undergo a significant transformation; they become more flexible and 
wordy, less rhetorical and formal... In contrast to previous works 
on mathematics (those dealing with applied research included) which 
are characterized by the ‘stylish’ tendency to say as little as possible 
in words and to express as much as possible by formulae, 
inventively concealing the idea from the reader, modern mathematics 
doesn’t scruple to resort to approximate and semiconvincing 
elaborations that have an orientating meaning.” 
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The computer’s “literary knack” boils down to picking words and 
phrases in accordance with a set of rules. A programme which takes 
account of the “numerical” structure of language prescribes the rules. 

The numerical structure of language indicates the recurrence of 
individual letters and dual-, triple-, quadruple- and so on letter 
combinations. A comparative study of Russian texts has revealed 
that the rate of actual recurrence or that of probable use of the 
letters is as follows (in per cent): a, 6.2; 0, 9; u, 6.2; H, 53.3; 10, 0.6 
and so on. 

Now imagine that a vase contains cards and each of the cards 
is inscribed with a letter. The total number of the cards with the 
same letter corresponds to the rate of recurrence of this letter in the 
literary Russian language. Let a machine take the cards from the 
vase one after another at random and put them side by side on the 
table. The juxtaposition so produced will be a combination of 
senseless letters. But if we use cards with dual-letter combinations, 
taking into account their recurrence rate, the machine will “write” 

a juxtaposition that is closer to a Russian text. 

Taking into account the recurrence rate of triple-letter 
combinations, the machine has succeeded in putting together some 
sensible words. And we obtain an almost sensible phrase if we take 
into account the recurrence rate of quadruple-letter combinations. 

A detailed analysis of the structure of the Russian language will 
reveal the recurrence rate of words. The machine will then be 
programmed to pick words and set up phrases depending on the 
vocabulary used. 

The general idea behind this technique can be explained by way 
of an example. 

Pick a word from the text of any novel. Thumb the pages of 
the book until you come across the same word. Then put down the 
word which follows after the original one. Look for the second 
word in the text and write down the succeeding word. In the end, 
you obtain some text. 

Is this method applicable in creating works of literature? Is it 
possible to arrange words into literary combinations by resorting to 
certain rules? 
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“Oh, forget it,” the reader would say. “What kind of literature 
would that be?” 

Well, don’t get so quickly excited. Life is complex, literature is 
immense, and science hasn’t said its last word yet. 

The Russian language consists of five hundred thousand words. 
But only around 2000 to 2500 words are in common use. Even 
Pushkin, who was a great connoisseur of Russian, did not need the 
entire half-a-million vocabulary. His lexicon consisted of 21 197 
words. Scientists have calculated that 20 per cent of our spoken and 
written language consists of only 100 words and 85 per cent of our 
needs are covered by 1500-2000 words. The chance of using some 
other words out of the existing multitude is as low as 15 per cent. 

Descartes said: “Words consist of letters of the alphabet, 
sentences are set up of words that can be found in a dictionary, 
and books are composed of sentences which can be taken from 
other authors. However, if what I say is meaningful and interrelated 
so that one thing is an outcome of another, you can blame me for 
borrowing my phrases from other people as much as you blame me 
for borrowing my words from the dictionary.” 

Cornelius Crock was ranked by Western publishers as a genius 
writer of the 20th century. His novel Green Apples saw 628 editions. 
In Russian, it appeared in 1929 for the last time. 

When asked how he produced his “masterpiece”, Crock said 
that during the long days of his isolated confinement he had been 
deprived of newspapers, books and paper. At last, his warders 
relented and supplied him with a heap of books which all lacked 
a beginning and an end and had apparently been penned by 
different authors. Tearing a page off here and another there, Crock 
joined them in his own way. Thus, a book with a plot of its own 
had been compiled. He was proud to invent a new way of 
producing bestsellers with a pair of scissors and paste. But Crock 
was unaware that he had imitated a computer assigned to create 
a literary work. 

What works did the author who had written not even a line by 
himself sew together? He used fragments from detective stories by 
Edgard Walles, Heller Moris, Maggre and others. Crock’s scissors 
also took passages from books by Herbert Wells, Stefan Zweig, 

R. Stevenson, Jack London, and Mark Twain. 
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Cornelius Crock’s followers didn’t keep us waiting for them 
long. Patrick Thévenon, a French journalist, substituted a jar of 
paste for the inkstand and scissors for the pen quite recently. He 
pasted together the novel A.A. from newspaper and magazine 
clippings. It was published in Paris. 

The “author” said: “My ever-present ambition was to publish 
a book of mine. But it was never my intention to write one. Thus, 
I decided to paste it together. The heroine is an actress because 
I write very much about theatre. The plot is simple: she is poor 
and wants to commit suicide but never succeeds in her plans.” 


344 AHORSE NAMED CHARLEY 


Be Seid 

Norbert Wiener knew thirteen languages. He could lecture offhand 
in German, French, Spanish, apart from English; he fluently spoke 
Chineese, Danish, Italian. 

Referring to machine translation, he didn’t conceal his 
apprehensions that vague boundaries among words and an 
abundance of emotional and international words would hardly make 
any semimechanical translation a promising venture. A linguistic 
mechanization seemed to be premature in his time. 

Three programmes for the machine translation of technical texts 
were developed around the world by 1958. The Soviet programme 
which had 952 words in store ranked first among them. 

Did it mean the advent of an automatic translator? But it was 
too early to rejoice. The author of an article insisted that 
a shortage of attendants would render a practical application of the 
machine impossible. The machine could read as quickly as 1 800000 
letters per minute. But at least 12000 typewriter operators pounding 
10000 letters per hour would have been needed to supply it with 
punch cards. Moreover, a 10000 to 12000-strong editorial staff and 
roughly the same number of typists would be required. All in all, 

a whole community of between 50000 and 100000 persons would 
be needed to attend to the machine. 

The situation in the field of machine translation has of course 
significantly changed since those times. The attendants aren’t that 
numerous. But difficulties persist. 

Distortions rank first. How accurate can a translation be? 
French linguists carried out a clever experiment which resembled the 
rumour game. Fourteen expert translators took seats around a table. 
Each of them was acquainted with the language spoken by the 
neighbour on his right. The German translator started the 
experiment. He wrote on a slip of paper: “The art of beer brewing 
is as old as the history of mankind,” and handed the text to the 
neighbour on the left. The second man translated it into Spanish 
and handed the translation over to the neighbour on his left. The 
text thus went around the table, being successively translated into 
various languages. Finally, the Hungarian text was handed in to the 
German translator. Putting it back into his language, he read with 
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great surprise: “Beer is a beverage people have been most fond of 
since a long time in the past.” 

Idioms are a stumbling block for the computer. It translates the 
term “charley horse”, which means “a cramp in the leg caused by 
strain,” as “a horse named Charley.” The technical term “fool-proof”, 
meaning “protection against mishandling”, is translated as 
“protection against fools”. 

The French expression “absorbtion comfortable des vibrations” 
is translated as “comfortable damping of vibration” instead of “the 
damping of vibration for comfortable riding”. The expression “das 
d’anes”, which means “surface irregularities of a road”, is translated 
as “asses’ backs”. The word-for-word translation of “coups des 
raquettes” is “a launching of flares”. Actually, the term means 
“oscillations in a vertical plane”. 

| The computer has difficulties in translating phrases. How would 
it then, translate a text like the concluding passage from N. Gogol’s 
The Nose?: 

“Yet, taking everything into account—although, of course, one 
can assume one thing and another and a third—perhaps even... Well, 
yes—and yet, what’s happening is without some absurdity? When 

you come to think of it, there is really something in all this. 
Whatever anybody may say, such things do happen in the 
| world—seldom but they do happen”. 

This reminds us of N. Nekrasov’s remark about the pitfalls of 
| translation: “To give an exact Russian equivalent of a verse written 
| by a poet from abroad is difficult in general, it’s even much more 

difficult than to compose poetry of your own in Russian”. 

Intricate translations are so far beyond the computer’s 
capabilities. It frequently errs even when the text is simple. 

The machine can make a mistake that a mediocre schoolboy 
would be ashamed of. Once it parsed a Russian sentence whose 
English equivalent was “the daughter of the general is reading 
a book”. The machine mistook the noun “general” for a verb and 
stated the time of the “verb”. The error resulted from the fact that 
the sound combination at the end of the noun was like a widely 
used verbal ending. The blame was placed on the scientists who had 
failed to instruct the machine about what had been called false 
homonymous inflection in linguistics. 
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A meaningful incident took place when an article from The 
Times about machine translation was translated. On coming upon 
the expression “iron curtain”, the computer stopped for a while, as 
if falling to “think”, and then went on with its job, omitting the 
incomprehensible term. 

Translating the article “To Learn the Mysteries of Space” by 
Academician S. Vernov, an American computer put the title as 
“Let’s Discover the Mysterious Space”. 

So, despite evident changes in machine translation, problems 
still remain. No machine translation in the real meaning of the term 
exists yet, it must be confessed. 
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Machines have been trying their “creativity” in various genres during 
recent years. Electronic verses and stories are no novelty for the 
experienced reader. Cybernetic machines have written several plays 
and screenplays. Machine-composed suites, anthems and songs were 
performed with remarkable success. There is now even a hit song 
“Pushbutton-Controlled Beauty”. 

The machine has also succeeded in embodying the essence of 
mathematical abstractions in visual artistic representations. 

So, electronic “authors” are on parade. Prose-writers are given 
the floor first. 

MUC is a British author. It’s the electronic brain of 
Manchester University. 


Love Letter 


My tiny treasure, 

My perspicuous affection towards you miraculously attracts 
your tender joy. You are my lovely worship, a worship that 
bursts my chest open. My brotherly feeling waits for your 
dear impatience with bated breath. The adoration of my love 
tenderly stashes away your eager ardour. 


Your’s miserable MUC 


Callioppa is a French computer. It has written the following 
passage. 


Excerpt from a Story 


My horizon is a mere curtain in red which intermittently 
radiates a suffocating heat. A mysterious silhouette of a woman, 
a majestic and a horrible one, is hardly discernible: this noble lady 
must be a season. She seems to be taking her leave. Seeing nothing 
more, I move towards the curtain. By hands shift it embarrassingly 
aside. The scenery beyond it is odd and tragic: a civet cat 
scratching the ground, birds flying on either side, trees with half-dry 
branches on which birds are settling. A turtle is over there. It has 
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rooted to the spot, being aware of my presence. But why is that 
covered with hoarfrost? A boy comes running up; his chubby hands, 
his earnest dark-complexioned face make him look like a young 
hero. 

Machine-written prose exemplifies the most modernistic trend in 
literature which is remote from real life. Something of the same 
kind you may find in the book A Dead Man’s Diary by the French 
author Marsel Béalut, an excerpt from which I cite for the sake of 
comparison. 


Ready-Made Clothes Halls 


I don’t come down, I rather fall like a stone into water. 

A circle ripples the water surface, I'm at the centre of the circle. All 
of a sudden a furious cataclysm hurls me to the side and I must 
cross the circular area once more. I fall again and surface, and so it 
goes until I fully assume a human appearance. Every circle that 
forms after I have plunged into the water is a spacious circular hall, 
and I must rush there as quickly as possible in order to pick my 
earthly appearance before everything disappears. 

Now it is the turn of machine-poets. 

The RCA-301 computer has learned to write blank verse. The 
“poet’s” vocabulary consists of 130 words. The metrics are strictly 
specified. The machine composes 150 quadrains in a minute. The 
poetry is titleless. The machine just numbers it. 


Verse No. 027 


While images devoid of truth and sense spring up in life, 

While time is on the move at creeping pace, ignorant of success, 
And stars go round in skies, their spirits low, 

No man can smile. 


Poem No. 929 


While dreams soar aimlessly 
aloft the shattered hopes, 
And space is bled 
of broken love in pain, 
The light of your's 
has slowly gone from th’ reticent, 
And skies are on the alert. 
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Poetry experts say that this stanza resembles the poesy of Eliot 
and Cummings. 
Another computer-written verse: 


The girls weep like a slowly settling snow, 

But near the bed they'll cease to moan. 

A rain—a foolish lover in a sense, 

But I am not afraid. 

Stumble, moan, but never stop, 

The girl plows waves in boat and office. 

The unresponded kisses are fresh and true, and too dewy, 
The girl is sweet and deathly still. 


Literature authorities say that this sounds like creations of 
“stylish” young poets. 
A USA computer has also had its say: 


Belch out 
without a boast, 
that means a grip; 
A coil of lullabies 
comes down upon a bug 
with all its might, although reserved. 
Your wisdom is a tiny patch of hill-land. 
The nephrite programmer's formula? That’s not me. 


A much more longer verse appeared in the German book 
Computer Lyrics. 


Sweet Darkness 


Streams mummer, 

Songs quiver, 

A cheery falcon overshadows the hillside’s glare. 
Trunks stay, all light, 

Piers rock ‘n’ roll, 

Sweet darkens stays awake 

But th’ chisel doesn’t. 

Pine trees in haste, 

Ants take up knotting, 

A tower, overlooking yellow lake. 
Sheds tears in gleaming. 

Twigs sprout, 

Blooms flirt, 

A pitch-dark tempest 

Wraps up the motley wood. 
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A rail fence spreading out, 
And dancers swift and gay, 
A tree, its roots deep down, 
Sings songs in praise of day. 
Hearts burst with joy, 

And gods crave for. 

A winning grove 

Engulfed in thick deluge. 


The machine proves to be particularly erudite when the poetry 
it writes must obey strict rules, as is the case with the Japanese 
three-line haiku. The two haikus that follow have been composed by 
the great haiku expert Boseau and the computer, respectively. 


Willow’s leaves quiver 
In April breeze 
As butterfly’s wings. 


White chrysanthemums 
In haze 
Like snow flakes. 


At one time, an incognito electronic poet made headlines in the 
USA. Experts claimed that its verses “make at least as much sense 
as the poems recited by their authors in coffee shops around 
Greenwich Village”. It was planned to publish a book of computer 
poetry. Unfortunately, none of the verses can be exemplified here. 
According to the Sunday Times, the computer operator complained 
about the poems that “they were too pornographic and beyond 
control] in this respect”. 

The story about the incognito electronic poet proves that the 
computer can write only that verse which the programmer is 
expected to obtain from it. 

The verses I have referred to are all of foreign origin. In 
translating all effort was made to retain the machine’s “flavour”, 
apart from keeping to the original as close as possible. However, 
the human factor couldn’t be eliminated in this case. 

Some poetry produced on a computer was mailed to the editor 
of Automation and Telemetry magazine in March, 1977. It was 
published in a year, being included in the article “About 
Verse-Composing Programmes”. There were a total of twenty one 
verses. I liked five of them. 
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ve As if suspended high in skies, 
The rapid moon shines far and wide. 
A cobweb dies 
Above the forest, in wintertime. 
8. A pearl design 
Refined and pale, 
Is sadly caught by sight 
Above the lake. 
12. A rustle kindly soars, 
And weeping is the cave. 
The swing has pricked its ears, 
And singing is regret. 
Pause humbly, grief, 
For silence took itself to wings. 
And secretly retells 
The lucid sea its tale. 
The shadow from the woods 
Traverses ground unseen 
And praises humid day 
In lethargy. 

15. | The seasoned skies get empty, 
The heavy sunsets cease to glow. 
And trees in crystal framing 
Stand there today as if in snow. 

20. The angry musician, get quivering back 
To crush down the colourful bric-a-brac. 
Shame on you, oh force! Or you don’t care? 
Sleepy viscid nightmare. 


The rest of the sixteen verses were of the same sort. One thing 
has slipped, however, everyone’s attention. The programmer admitted 
in the footnote that he himself had punctuated some of the verses. 
Correct punctuation is very important because, as we know it, 

a misplaced comma may totally change the meaning of a phrase. 
For example: 


Hang him, no mercy. 
Hang him no, mercy. 


Wouldn’t robots blow up Parnassus? This question may arise if 
you indulge in machine-composed poetry. But don’t be afraid of 
such an outlook. All that we can do so far is to rhyme bad verses 
on good computers. 

Consider a few examples from the world of music. 
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A programme written at the University of Illinois, USA, enabled 
the ILLIAC computer to produce a suite in four parts for a string 
quartet. The computer at Harvard University also composed 
some music. 

The Soviet scientist and musician R. Zaripov spared no effort in 
order to teach the URAL computer not only the rudiments of 
music but also how to compose melodies. His “electronic composer” 
has created a series of short musical pieces under the common title 
“Ural Tunes”. 

I received a letter from him recently. It read: “Enclosed please 
find some new machine-composed tunes which sound more winning 
than the melodies cited in the 1973 edition of Cybernetic Medley. It 
will be noted that, unlike some foreign researchers, I never 
streamline the melody; none of the machine output notes have ever 
been edited according to human standards”. 

How do you personally like machine music? Do you like or 
dislike™it? It’s a difficult question, isn’t it? 

You, my reader, are not the only person who is asked this 
question. The same question was addressed to the participants of 
a mass experiment that was carried out by an electronic music 
research group. A series of man- and computer-composed popular 
tunes were presented to the audience consisting of school children, 
students, scientists and music critics. They were requested to 
appraise every melody in terms of a five-mark system. 
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The result was surprising. The machine music invariably got 
higher marks than the human-born themes! 

One of the participants wrote on his record form: “All machine 
music is not music, it’s emotionless”. Despite that, he involuntarily 
gave preference to the machine. 

This doesn’t mean that human music is going to be supplanted 
by machine melodies. That’s a matter from a distant future which is 
much more remote than some composers of electronic music believe. 

The early timid attempts of the computer in the field of 
graphics and painting were dominated by mathematics. The works 
were confined to graphical representation of mathematical 
expressions. However, machine graphics was beautiful in its own 
way at that time. 
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As time went on, the computer improved its skills as an artist. 
It embarked upon portraying people instead of delineating intricate 
ornaments, stars, cones, symmetric designs, pyramids, collections of 
trifles. The early portraiture was rudimentary and schematic, as if 
made with a pair of compasses and a ruler. In the wake of these, 
“authentic” portraits appeared; a woman with a child, a man’s face. 
The computer could copy the Bogdan Khmelnitsky memorial in 


Kiev and the Timiryazev statue in Moscow. After that it switched 
over to drawing kids’ pets: rabbits, ducklings, kittens, and puppies. 
But all the pictures were black-and-white. 

The coloured electronic paintings which I saw in Japan 
astounded me. Professor Sigeru Vatanabe and his colleagues from 
the Department of Mathematics and Mechanics, Tokyo University, 
produced a coloured computorized ornament in the form of four 
dragonflies. It was a pattern of bright lines, a harmonious one but 
somewhat dull. A painting by Ukyoe in the traditional Japanese art 
was copied on the computer as well. 

That was all an eyeopener for me. Later on I was given 
a chance to inspect other artistic works, both black-and-white and 
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coloured. That was in other countries. Every piece of them was an 
ornamentally impressive gamut of beautiful colours. 

Applied art seems to be the most practical field for using 
computer-aided graphics. Appealing trademarks, eyecatching 
headpieces and vignettes will be new offsprings of the computer age. 
The unmatchable inventive ability of the computer can produce 
watermarks for securities, documents, bank notes. The machine will 
design new fashions of women’s wear, cut a piece of cloth in the 
most thrifty way for the tailor and dress maker. It will add a new 
flavour to the designing of unique patterns of textiles, stained glass 
panels, wall-papers, in the styling of industrial products. 

The realms of “pure” art are so far inaccessible for the 
machine. Therefore, it’s hardly advisable to attempt to drag it into 
painting as some people do. 

Let’s assume that all that the computer can do now in the field 
of arts is the first volume of its works. Could you then answer the 
question a Soviet journalist has raised in a newspaper with 
a multi-million daily circulation after visiting the exhibition of 
“cybernetic art” in London: “If you call it art, what has it to do 
with cybernetics; if it is technology, where then is art?” 
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The entire summer of 1957, my coauthor and myself sat at our 
desks in separate rooms. The work on the book on cybernetics by 
the title Faster than Thought was at full blast. 

We had no problems until a word-for-word translation of 
a piece of English poetry came like a bolt from the blue. It had 
been written by a computer and brought to us by a venerable 
mathematician. The verse was very welcome, for I needed an 
example of machine poetry for the chapter I was about to finish at 
that time. 

The poet Vladimir Kotov, when he had heard about the 
machine-written verse, volunteered to rhyme the translation so that 
it could be included in the book. 

In a year’s time after that I learned that the poet Iliya 
Selvinsky wrote an article on machine-rhymed verse for 
Literaturnaya Gazeta. I requested him to send me some of the 
poetry and got this reply from him: 

“The article for Literaturnaya Gazeta was based on the 
information kindly provided by Assistant Professor S. Stebakov. It 
shed light on an electronic rhyming machine invented by Professor 
John Yaffee. However, a relevant department of the newspaper 
found out that no such Yaffee had ever existed and that the story 
with the machine-written verse had been a hoax invented by 
American humorists. Therefore, the article was scrapped.” 

So it was a hoax! But Kotov’s version of the verse was already 
in the book which went to the press. From then on, the 
“machine-written” verse has been wandering around the globe. 

So, L. Teplov has included a modified version of the verse into 
his Essay on Cybernetics. 

A. Adalis, a poettes and critic, mentioned the verse in the 
book A Love for Poetry. 

The machine verse was recited from the podium of a 
plenary session of the Russian Federation Writer’s Union in 
the summer of 1960. The speaker Leonid Sobolev at first 
neglected to say that the verse belonged to a computer, 
and the author was condemned for “decadence and feeble 
imagination” during the discussion. A subsequent disclosure of 
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the origin of the verse was met with an uproar. For reasons which 
were unknown, Sobolev added, however, that the verse was an inter 
alia job of the computer from the Novosibirsk academic community. 
The same story was repeated during the symposium devoted to the 
studies of literary art which took place in Leningrad in 1963. 

The ill-fated verse became the subject of a discussion about the 
pros and cons of machine poetry in the contribution “Poets and 
Mathematicians” by A. Mitskevitch, M Sc (Phys & Math), that 
appeared in the July 1961 issue of Molodaya Gvardiya magazine. 
The author wrote: “Disregarding the rather vague subject matter of 
the verse, it must be admitted that the machine was evidently 
a rhythm-and-rhyme expert.” 


A. Kireeva cited the same verse in Yunnost magazine, No. 1, 
1963, that is five years after the book Faster than Thought had been 
published. In the article “Is Poetry Lagging Behind?”, she criticized 
V. Kotov for the bad verse and contrasted it with a model 
machine-produced work. To do justice to A. Kireeva, an expert in 
poetry, it should be noted that the verse she disliked and the one 
she praised had both been written by ... V. Kotov. 

The verse was quoted verbally and in publications on other 
occasions, and the story about its adventures could be continued. 

At the close of 1967 I got a letter from G. Kholmi, D Sc (Phys 
& Math). It read: “I'm forwarding a copy of Problems of Philosophy, 
No. 11, with a contribution of mine “The Logic of Poetry”. 
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I was shocked to find the verse on page 119 of the magazine. 
Referring to this example of “machine” work, the author 
endeavoured to trace the reason why the machine verse was rated 
as poetry of mediocre quality. 

The reader may ask why no step has been taken so far to 
denounce the hoax in the press? 

There was more than one attempt to rectify the mistake. The 
start was given in my article “The Opponent is Not Earnest...” 
which appeared in the “Dispute About Cybernetics and Creativity” 
column of Molodaya Gvardiya magazine in September, 1965. It 
earned no response. I republished the article in Moskovsky 
Komsomolets under the title “The History of a Hoax”. This was 
a straightforward statement, and the reaction followed 
instantaneously. I. Gutchin, M Sc (Eng) admitted the regrettable fact 
in the pamphlet Cybernetic Models of Creativity. A collective volume 
prepared for an All-Union Conference on Methodological Problems 
in Cybernetics had pointed out that “the critics covered themselves 
with shame”. The book On the Borderline Between Science and Art 
by Professor B. Meilakh vaguely mentioned the event in a note, as 
if something wasn’t clear yet, that “as far as the rhyming of verse 
on a computer is concerned, it is difficult to tell real things from 
a hoax”. The monograph Cybernetics and Music by R. Zaripov left 
no room for doubt and neither did Eternal Search by B. Runin. 

Nevertheless, the reader may ask why years had passed between 
the publication of the “machine” verse and the exposure of the 
hoax? Why couldn’t the story have a shorter end? The reason for 
this may be same as the reason for the fact that the verse is still 
found in many editions of Faster than Thought which appear in this 
country and abroad. 

An article from Computers and Automation published in the 
USA creates an immediate impression, when you read it, that the 
author is versed in the principles of automatic verse composition. 
Elizabeth Thomas (apparently a pen name) is so exact in her jocular 
story with a humorous and fanciful plot describing the poetic 
machine and its job that you get a clear understanding of the 
principles of computer-aided rhyming. 

After all, it does not matter exactly which verse was written by 
the machine. The principle of machine rhyming and the similarity 
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between the invented verse and the verse which is produced 
nowadays on the computer is the main thing. 

It must be confessed that I could never have expected that my 
revelation of the hoax would cause so much fuss. It has attracted 
widespread attention mostly among the people who hold much hope 
in the poetic “endowment” of the computer and express their point 
of view on various occasions with varying degrees of enthusiasm. 

Assistant Professor S. Stebakov rang me up and “demanded 
satisfaction”. There were calls from other advocates of machine 
poetry with threats “to take measures”, “denounce”, “reprimand” and 
the like. But what struck me was that the revelation had brought 
about a feeling of sorrow and faint blames of the “culprit”. What 
could I say to them? Perhaps just one thing: science can be neither 
advanced nor even commented upon unless the source material has 
been consulted. 

In recent times, the story about the verse has received fresh 
attention in the press. But the tenor of the comments about 
machine poetry has changed. The “experiment” with the verse is 
even sometimes praised. Some people refer to it when they criticize 
fervent supporters of cybernetics for their speculations about the 
applicability of cybernetic methods in creativity. This, for example, 
A. Mitrofanov has done in the monograph Cybernetics and Creativity 
in Art which was published at Moscow University in 1980. The 
Proceedings of the International Conference on Artificial Intellect 
that took place in 1980 and the collective volume Number and 
Thought, No. 3, called the story with the verse “a splendid 
experiment by V. Pekelis”. I am greatly flattered by the esteem but 
I feel it my duty to say that the experiment was neither designed 
nor controlled in any way by me. It took place of its own accord 
as a natural outcome of events. 
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Thus, there are two approaches to the problem of cybernetics and 
creativity. Some people believe that cybernetics is omnipotent. 
Others think that creativity is a very particular field of human 
activity where cybernetics is of no assistance, let alone that it can 
compete with man. 

Let’s consider, for example, music. Can the computer compose 
music? It depends on what kind of music is meant. I’ve heard a lot 
of machine music, and I firmly believe that not only a composer 
can compose simple tunes. There is no danger that Chaikovsky can 
be harmonized in an instant and Beethoven, Grieg and Prokofiev, in 
the next instant. Nothing of this kind is possible. That is 
indisputable even for those who support an extreme point of view. 
Let’s call them extremists. But their conception is far from the truth 
because they think of creativity as of a process that can be 
modelled. Unfortunately, we haven’t yet got a delicate instrument 
capable of modelling creativity. 

Academician A. Kolmogorov, a notable authority in mathematics 
who reckons himself to be a “very fervent cybernetician”, says: “We 
have to go a long way still towards reproducing and describing 
human endowments of a higher order; we do not even know how 
to define many concepts in objective terms, let alone the modelling 
of such intricate forms of creativity as the composing of music”. 

The extremists evidently surpass Academician Kolmogorov in 
their ardent devotion to cybernetics. But they must prove their 
viewpoint by facts. No such exist, however. Moreover, the 
Academician himself points out in the well-known report Automata 
and Life that the composition of music on a computer “exemplifies 
an oversimplified approach to the problems which are cybernetics’ 
concern”. 

Likewise simplified is the approach to such intricate problems 
as machine translation and the literary “endowment” of automata 
when attempts are made to model various forms of intelligence on 
the computer. 

The modelling of machine translation in the real sense of the 
word is still nonexistent. Intricate programmes which comprise 
numerous instructions are required for example for translating simple 
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mathematical texts from French into Russian. But is there 

a programme that accounts for all the difficulties which stem from 
the tight interweaving of belles-lettres with the character of language 
and our everyday life? 

The translation of spoken prose and belles-lettres is impossible 
unless dictionaries containing tens of thousands of words are 
available. Apart from them, a dictionary of idioms is indispensable, 
for otherwise how would it be possible to translate such an 
expression as “to be in Queer Street”? 

This reminds us of a story told by John Bernal. It’s in fact an 
anecdote from the times when early reports about machine 
translation were published in London. Once, a computer was 
assigned to translate the expression “Out of sight, out of mind” into 
Russian. To check the translation, the computer was requested to 
put the Russian equivalent back into English. The output read: “An 
invisible madman.” 

A jocular version of the same anecdote says that, in checking 
the translation of the line from the Gospel “The flesh is weak, the 
Spirit is strong,” the reverse translation of the Russian equivalent 
read: “The meat is soft, the vodka is strong.” 

The translation of poetry is a much more difficult task, let 
alone the composition of verse on machines. It’s no secret that the 
computer’s “composing” ability (provided man has provided it with 
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a detailed programme) doesn’t go beyond setting up sentences from 
words in accordance with the rules of grammar. The computer 
treats a text as a set of letters and words which should be 
organized, “matched up” in accordance with the programme. Is the 
computer imbued with the feeling of creativity? No, it carries out 
rudimentary modelling in terms of mathematics which is remote 
from creativity. One may thus fall into the absurdity of asserting 
that a typewriter is the model of an author: both of them put 
letters together into words and words into sentences on paper. 

That’s why one cannot help wondering how the “extremists” 
can alledge that some “sceptics” feel offended by the fact that 
cybernetics reveals the secrets of creativity? This sounds at least 
strange in our days when the approach to the problem is still being 
discussed and no “secret” of creativity is known in science that has 
been revealed thanks to cybernetics. 


Those who claim that cybernetics has scored successes in 
creativity commonly back their words by referring to the fact that 
a ship-shape order is established in any province mathematics has 
intruded into. That is correct. But at the same time it would be 
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advisable to recall in this connection a witty remark made by the 
well-known US cybernetician John R. Pierce that order is needed in 
art but mediocre art suffers from too much order. 

The problem raised calls for mentioning semiotic. This is 
a comparatively new discipline which is concerned with the symbols 
of all kinds used by man. Since any symbol represents some 
information, semiotic has acquired much practical significance. Some 
researchers believe that semiotic may have as much effect on the 
humanities as mathematics has on natural sciences. 

Rash conclusions have appeared to be unavoidable in this case 
also. So, it is postulated that semiotic may help to find “a general 
mathematical expression” for all the beautiful in human creations 
and nature. The fine arts are considered as a set of symbols which 
are interpreted each in its own way. This means that works of art 
can be produced from a set of aesthetical symbols arranged in 
accordance with the “general mathematical expression of the 
beautiful.” 

The representatives of the semiotic school believe that art, like 
language, tends to set up a standard at any given moment and to 
depart from the standard at the same time. Frequent departures 
from a given standard give rise to a new standard (an analogy with 
cybernetic self-organizing systems exists in this case). 

The extremists also found among semioticians have been swift 
to lift semiotic to the status of a universal method applicable in art. 

This is unlikely to occur. But the future role of semiotic in the 
theory of art is hardly predictable at this stage: research is confined 
to a narrow field, the object of studies is complex and little has 
been done so far. 

Nevertheless, the theory of art and literature needs mathematics 
as badly as natural science does. We use the definitions greater, 
smaller, higher, lower, prettier, fuller, brighter and the like in art 
and literature which is not permissible in science and technology. 
Will the time soon arrive when we must face the necessity to render 
art notation exact? 

The era of cybernetics creates more favourable conditions for 
the use of mathematics in art and literature than ever before. But 
this does not mean that the progress in art depends more on 
machines than on ideas and new methods of seeking solutions and 
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that technology may play the main role in art of all kinds before 
long. 

The advocates of applying mathematics to art frequently cite 
now the words of Pushkin’s Salieri: “... Checked harmony by 
algebraic rules ...” But they bashfully omit the preceding line of 
the verse: “I stifled sounds, and then dissected music like 
a corpse...” Unfortunately, this is correct. For the time being, 
algebraic rules are applied only as a means of formal analysis in 
art, serving as a kind of scalpel. The signs of transforming the 
scalpel into the inspired pen of a poet are hardly discernible in the 
misty perspective. 

It is very important to be moderate in any attempt to explain 
art. 
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Glancing through Amerika, a US periodical in Russian which is sold 
in the USSR, I spotted the article “Will Machine Remain Man’s 
Slave” by Norbert Wiener. When I began to read it, I realized that 
the subject matter was not new to me. The footnote “Translated 
with Science’s permission” reminded me of the origin of the 
contribution. 

Wiener addressed the Committee for Improving the Welfare of 
Human Society, American Association for the Advancement of 
Science, held in Chicago on December 27, 1957. Science published 
a revised version of the lecture under the title “Some Moral and 
Technical Consequences of Automation” (No. 3410, May 6, 1960, 
pp. 1355-1358). 

Amerika wants the Soviet reader to believe that “all points of 
view are conveyed to him” and that “in the struggle for his 
attention, the magazine narrates every fact that is either important 
or disputable.” 

I felt like looking through all the sets of the magazine, 
beginning from the copy where Wiener’s first contribution on 
cybernetics had apparently appeared. It must be said right out that 
the article in Science and that in Amerika differed not only by their 
titles. A long paragraph of Wiener’s lecture with a censure of the 
military applications of cybernetic machines had been deleted from 
the article in Amerika. 

Is such an abridgement accidental? 

It was nobody else but President Johnson in person who had 
said that machines had taken over in the USA the jobs of two 
million workers every year. This means that forty thousand men 
whose hands and brains are supplemented by machines week in, 
week out ask themselves the question: what can be expected next? 

It was nobody else but the father of cybernetics Wiener who 
was plagued with the problem: what should be done with the 
diabolic automata which devour people. He wrote that those who 
had taken a hand in evolving cybernetics were in an unpleasant 
moral situation, to say the least. The technical factors conducive to 
good and evil were inherent in the newly-created science in equal 
amounts. 
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Wiener was concerned that a sudden and uncompensated for 
ousting of labour by machines would bring about a landslide of 
unemployment. He sounded the alarm. He decided to warn the 
bosses of US trade unions about the social consequences of 
automation and urged them to meet him. 

It cannot be said that Amerika hushes up the social and 
economic consequences of automation. But the magazine tells the 
reader only a part of the story. We are well informed about the 
plans of Romy J. Seals, a 35-year old Lockheed technician who had 
been sacked from a California plant: “Machines have ousted him 
but he isn’t out of spirits.” We learn very little about Wiener’s 
anxieties and fears. 

If what Amerika says is true (I refer to the article by H. George 
Harris), Seals is a sort of statistical unit. He is one of the forty 
thousand men who wind up jobless by virtue of automation every 
week. He had only to become utterly engrossed in studies and “got 
another job in three weeks.” 

The journalist who has eliminated an acute anxiety about the 
problem with such simplicity goes on in his article: 

“Most articles and books about automation dwell only upon 
the helpless victims who have been ousted from the jobs py 
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machines. Therefore, we sometimes feel that we are all doomed to 
become unemployed (incidentally, Seals also stresses this point: 
‘Never miss your chance or otherwise you may go by the board.’ 
V.P.) This idea is depressing but our fear is nothing more than 
a myth that any expert economist would easily destroy.” 

Unlike Harris, Wiener did not consider the unemployment 
brought about by automation a myth. He said at the top of his 
voice that the resulting unemployment can be so high that the 
recent recession and even the crisis of the 1930’s would look like 
a pleasant treat. 

Amerika circumvents acute angles. Therefore, an important 
fragment of Wiener’s article with talks about war has been deleted 
from the magazine: 

“It is quite in the cards that learning machines will be used to 
programme the pushing of the button in a new pushbutton war. 
Here we are considering a field in which automata of 
a non-learning character are probably already in use. It is quite out 
of the question to programme these machines on the basis of actual 
experience in a real war. For one thing, sufficient experience to 
provide an adequate programme would probably mean the 
destruction of humanity. 

“Moreover, the techniques of a pushbutton war are bound to 
change so much that by the time adequate experience could have 
been accumulated, the basis of the beginning would have radically 
changed. Therefore, the programming of such a learning machine 
would have to be based on some sort of war games, just as 
commanders and staff officials now learn an important part of the 
art of strategy in a similar manner. Here, however, if the rules for 
victory in a war game do not correspond to what we actually wish 
for our country, it is more than likely that such a machine may 
produce a policy which would win a nominal victory on points at 
the cost of every interest we have at heart, even that of national 
survival.” 

Wiener did not regard the omitted fragment a trifle, he attached 
much importance to it. The problem of war was Wiener’s greatest 
concern and he raised it on many occasions. So you can read in his 
Cybernetics (Chapter IX “On Learning and Self-Reproducing 
Machines”): 
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“There is nothing more dangerous to contemplate than World 
War III. It is worth considering whether part of the danger may 
not be intrinsic in the unguarded use of learning machines.” 

The scientist unequivocally warns: “We can fail in this only to 
our immediate, utter, and irretrievable peril.” 

What more can be added? The prominent scientist is alarmed, 
and Amerika strikes out the points of his concern from his article. 

Wiener was reputed to be an antimilitarist. He was happy to 
have no connections with the development of the atomic bomb. He 
did not accept the Pentagon’s invitation to attend a meeting at 
Harvard University which had been called to discuss the 
cooperation of scientists in military programmes. He believed that 
the participation in the arms race was immoral and that it doomed 
scientists to a kind of slavery. 


Wiener can be hardly imagined as a scientist whose only 
concern is science and whose sole interest in science is cybernetics. 
He writes that he has never considered it proper for a scientist to 
seek refuge in an ivory tower of seclusion, to live a purely 
intellectual life, to disregard any possible implementation of his 
ideas. Just the other way around. He must strive to exert a direct 
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influence on the results of his work that have been alienated from 
him. He mustn’t be turned into a mere tool that feeds ideas to 
other people who cannot see their implications as clearly as does he 
and who are just interested in their direct outcome in accordance 
with a code of their own. No scientist can enjoy a boundless 
freedom of personal thought at the cost of losing the sense of 
responsibility which alone can make this freedom meaningful. 

He pointed out, therefore, that scientists cannot be 
counterfeiters. They cannot cheat people and they cannot lie to 
themselves. 

In our days, not only the reactionary politicians tell lies. The 
same applies to a geneticist who sets up a basis for a “scientific 
racialism” and to a microbiologist who develops new ways of 
waging germ warfare. A chemist who helps the aggressor to plan 
chemical warfare or a physicist who develops mass destruction 
weapon for the imperialists cheat people as well. 

A scientist who is called on by the devils of war rather than by 
the angles of peace after he had made a discovery is against 
mankind. Wiener was against the scientists who worked for the 
devil’s sake. He has gained the reputation of a humanist, of 
a person upholding progressive ideas. He is against those who 
scheme to turn cybernetics into social alchemy of modern times as 
this endeavours to do Amerika. — 
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This title for the chapter I have borrowed from an American 
magazine. It stands for “Do not bend, crumple up or roll-up the 
computer punch cards.” 

You have a right, my reader, to ask me: Why have I picked 
this phrase? Because it illustrates a tendency in the man/computer 
relationship which is now taking shape in the West and in the USA 
before all. This tendency causes a deep wide-spread anxiety as it is 
shown by way of a practical example in the fantastic story by 
G. Dickson, USA. 


This is Your First Warning 


Masterpieces Club 


Please, do not bend, roll-up or damage this card in any 
other way. 

(You will notice the same request: do not bend, roll-up or 
damage the card. V. P.) 

Credited to Mr Walter A. Child: $4.98. 

Dear client, 

Enclosed please find “The Kidnapped” by-Robert Louis 
Stevenson which we are sending you on your recent request. 


437, Woodlawn Road, 
Pendock, Michigan. 
November 16, 1965. 
Masterpieces Club, oo 
1823, Mandy Street, 
Chicago, Illinois. 


Gentlemen, 
I wrote to you recently about the perforated card which you 
had sent to me after writing up the invoice for Rudyard 
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Kipling’s “Kim”. I opened the parcel only after I had mailed 
the check for the sum stated. The book I found in the 
parcel lacked half of the pages. I sent it back with the 
request to send me another copy or to refund my money. 
Instead of that, you have sent me “The Kidnapped” by 
Robert Louis Stevenson. Would you clear up the matter? 

I return the copy of “The Kidnapped”. 


Yours truly, 
Walter A. Child 


Masterpieces Club 


Second Notice 


Mr Walter A. Child credited $4.98 for “The Kidnapped” by 
Robert Louis Stevenson. Disregard this notice if the invoice 
has been paid. 
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437, Woodlawn Road, 
Pendock, Michigan. 
January 21, 1966. 


Masterpieces Club, 
1823, Mandy Street, 
Chicago, Illinois. 


Gentlemen, 

May I remind you about my letter of November 16, 1965? 
You carry on with showering me with the perforated cards 
regarding the book I never ordered. Take account of the fact 
that it is your society which owes me money. 


Yours truly, 

Walter A. Child 
Masterpieces Club, 
1823, Mandy Street, 
Chicago, Illinois. 
February 1, 1966. 


Mr Walter A. Child, 
437, Woodlawn Road, 
Pendock, Michigan. 


Dear Sir, 

We have sent you numerous reminders of the sum you owe 
us for the book. The payment of $4.98 has been deferred 
very much. The situation seems to be particularly regretful, 
for we have credited you on general terms without the 
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slightest hesitation. We shall be forced to bring an action 
against you at the Federal Reimbursement Bureau unless you 
pay the debt. 


Yours truly, 
Samuel P. Grimes, 
Secretary General 


437, Woodlawn Road, 
Pendock, Michigan. 
February 5, 1966 


Dear Mr Grimes, 

Would you kindly stop sending me perforated cards and 
letterhead messages? Can you give me an answer that comes 
from a human being? In fact, you owe me money; I owe 
you nothing. It’s not at all unlikely that I shall be compelled 
to take proceedings against your Club at the Federal 
Reimbursement Bureau. 


Walter A. Child 


Federal Reimbursement Bureau 


89, Prince Street, 
Chicago, Illinois. 
April 8, 1966. 

Mr Walter A. Child, 

437, Woodlawn Road, 

Pendock, Michigan. 


Dear Sir, 

You have ignored our kindly requests to pay your overdue 
debt to Masterpieces Club. You now owe them $7.51, 
interest and tax included. In case you fail to settle the 
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account by April 11, 1966, we shall be forced to raise the 
matter with lawyers and instruct them to bring the case 
before the law without delay. 


Ezichel B. Hash, 
President 


Maloney, Mahoney, McNamara & Pruitt 
Lawyers 


89, Prince Street, 
Chicago, Itlinois. 
April 29, 1966 

Mr Walter A. Child, 

437, Woodlawn Road, 

Pendock, Michigan. 


Dear Sir, 

Your debt to Masterpieces Club which now totals $10.01 has 
been handed over to us with the instructions to reimburse it 
as prescribed by the law. If you send us the sum in question 
before May 5, 1966, we are going to suspend the case. 

A failure to meet our claim by that date will force us to 
take legal steps. 

I am convinced that you will appreciate the benefits of 
avoiding an arrest which, if entered into your record, would 
damage your reputation for a long time. 


Truly yours, 
Hagthorp M. Pruitt, Jr, 
Counsellor 
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437, Woodlawn Road, 
Pendock, Michigan. 


: May 7, 1966 
Mr Hagthorp M. Pruitt, Jr, 


Maloney, Mahoney, 
McNamara & Pruitt, 
89, Prince Street, 


Chicago, Illinois. 


Dear Sir, 

You can hardly imagine what a pleasure it was for me to 
receive a letter from a human being. I can now explain the 
situation. 

It’s all very foolish. I made clear all the details to 
Masterpieces Club in my letters. But I couldn’t have 
persuaded the computer which brings out perforated cards 
with the same success. 

The point is that I ordered one copy of “Kim” by 
Rudyard Kipling, price $4.98, and prepaid the order. When 
I opened the parcel which had been mailed to me, I found 
there the book but it had only half of the pages. I returned 
the book and requested them to send me another copy or 
refund me. However, they sent me “The Kidnapped” by 
Robert Louis Stevenson which I hadn’t ordered. They also 
tried to force me to pay for it. 

I look forward to getting back the money which they owe 
me for a copy of “Kim” which I haven’t received yet. That’s 
the whole story. Couldn’t you kindly help me to persuade 
them to listen to the voice of reason? 


Yours truly, 

A. Child 
P.S. I sent them back the copy of “The Kidnapped” as soon 
as I received it but this hasn’t settled the matter. They 
haven’t even acknowledged receipt of the book. 
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Maloney, Mahoney, McNamara & Pruitt 
Lawyers 


89, Prince Street, 
Chicago, Illinois, 
May 9, 1966 

Mr Walter A. Child, 


437, Woodlawn Road, 
Pendock, Michigan. 


Dear Sir, 

I have no information that the book you had purchased 
from Masterpieces Club was sent back. I cannot even dare 
to. imagine that Masterpieces Club would have requested you 
to reimburse them a sum you do not owe them. 

Unless you settle the account in three days, that is by 
May 12, 1966, we shall be obliged to start legal proceeding 
against you. 

Your truly, 
Hagthorp M. Pruitt, Jr, 
Counsellor 


District Court } 
Chicago, Illinois 
Mr Walter A. Child, 


437, Woodlawn Road, 
Pendock, Michigan. 


You are informed that on the day of May the 26th, 1966, 
this court sentenced you to pay a fine totalling $15.66, costs 
included. 

The formalities regarding the payment can be settled with 
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the court or with the creditor who brought the suit into 
court. 

If the debt is payed to the creditor, he must acknowledge 
this in a letter to the court. No further measures of 
compulsion will be taken against you as soon as the 
acknowledgement is registered at the court. 


District Court 


Chicago, Illinois 


Please do not bend, roll-up or damage this card in any 


other way 


Sentence passed today, May 26th, 1966; $15.66 case. 
Versus: CHILD, Walter A.; 437, Woodlawn Road, Pendock, 
Michigan 

Please file the judgement. 


Pickwain Court 


Pendock, Michigan 


Ref: Code 341 

437, Woodlawn Road, 
a Pendock, Michigan. 

May 31, 1966. 

Mr Samuel P. Grimes, 

Vice-President, 

Masterpieces Club, 

1823, Mandy Street, 


Chicago, Illinois. 


ee ee 


TE Do not B, C or R 


Grimes, 
I am bored to death with all this. I leave for Chicago 
tomorrow. 
I shall meet with you in order to find out once and for 
all who owes whom and how much. 
Yours 
Walter A. Child 


A letter from the Secretary of Pickwain Court: 


Harry, 

The enclosed perforated card from Chicago District Court 
versus A. Walter bears a code serial No. 1500. It belongs to 
your Criminal Dep, not mine Civil Dep. Therefore, I submit 
it to your computer, not mine’s. What’s cooking? 

Joe 


Criminal Records Office 


Pendock, Michigan 


Please do not bend, roll-up or damage this card in any 
other way 


Suspect: (CHILD) A. Walter 

Date: May 26, 1966 

Address: 437, Woodlawn Road, Pendock, Michigan 
Offender: Code 1566 (corrected) 1567 

Offense: Kidnapping 

Date: November 16, 1965 = 
Remark: At large, to be taken into custody immediately 


To: Police Department, Chicago, Illinois 
From: Police Department, Pendock, Michigan 
Suspect A. (first name unknown) WALTER is being sought 


here in accordance with your warrant to arrest him for 
kidnapping Robert Louis Stevenson on November 16, 1965. 
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Local sources inform us that the person in question has fled 
from his residence at 437, Woodlawn Road, Pendock, and 
may be residing in your zone. May appear there at 
Masterpieces Club; 1823; Mandy Street, Chicago, Illinois. The 
suspect isn’t armed, but may be dangerous. Arrest him and 
inform then us... 


To: Police Department, Pendock, Michigan 
From: Police Department, Chicago, Illinois 


Ref: Arrest of A. WALTER (first name unknown) requested 
from Pendock, code 1567, for kidnapping 

The criminal has been taken into custody at the office of 
Masterpieces Club. Operating under the name of CHILD, 
Walter Anthony, he attempted to extract $4.98 from 
GRIMES, Samuel P., an employee at the above Club. 
Res: Waiting for your instructions 


To: Police Department, Chicago, Illinois 
From: Police Department, Pendock, Michigan 


Ref.: WALTER A. aka CHILD, Walter Anthony, accused of 
kidnapping, your zone 
Ref: Your punched card informing about the sentence of 
May 27, 1966 

Copy the punched card from our criminal records which 
has been sent to your Computer Centre. 


Criminal Records Office 


Chicago, Illinois 


Please do not bend, roll-up or damage this card in any 
other way 


Suspect: (correction, absent card replaced) 
Applicable code: 456789 


LLL 
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Legal card: Apparently wrongly filled out and useless 
Summons: Appear in court before Judge McDEAVOT, John 
Alexander, in Court Room on June 9, 1966. 


Judge John A. McDeavot’s Office 


June 2, 1966 


Dear Tony, 
An accused is being sent to me for trial Thursday morning 
but the copy of the file has been apparently inadequately 
prepared. 

I need information (Ref: A. WALTER, sentence 
No. 456789, Criminal Department). 

Exempli gratia, what happened to the victim? Was there 
violence? 


Jack McDeavot 
June 3, 1966 


Lost Card Retrieval Office 
Restated Ref: Sentence No. 456789 


Did the victim suffer from violence? 


Tonio Malagazi, 
Criminal Records 


June 3, 1966 

Lost Card Retrieval Office 
Police Department 
Chicago, Illinois 


To: Federal Statistics Department, Information Service 


Defendant: Robert Louis Stevenson 
Inquiry: Available information 
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Federal Statistics Department 


Information Service 


June 5, 1966 
To: Lost Card Retrieval Office, Criminal Records, 


Police Department, Chicago, Illinois 


Defendant: Your inquiry concerning Robert Louis Stevenson 
(card No. 189623) 

Subject-matter: R.L. Stevenson passed away at the age of 44. 
Any further information needed? 


Lost Card Retrieval Office 
Police Department 


Chicago, Illinois 
June 6, 1966 
To: Federal Statistics Department, Information Service 


Defendant: Ref card. No. 189623. No further information 
required. Thank you. 


Lost Card Retrieval Office 
June 7, 1966 
To: Tonio Malagazi 


Restated Ref: Sentence No. 456789. The victim died. 
June 7, 1966 
To: Judge John Alexander McDeavot 


Ref: Sentence No. 456789. The kidnapped victim had been 
apparently beaten to death. 

Dear Jack, 

Taking into account the surprising lack of information about 
the murder and its victim and also the victim’s age, I smell 
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a rat. It must be a settling of scores, I believe. But that is 
just for your information. Never mention me. 

It seems that the name Stevenson brings about a slight 
repercussion. He might have come from an East coast gang, 
for I recollect something about pirates. Oh, yes, New York 
dock gangsters or a sort of stolen treasure. But, as I already 
said, this conjecture is not intended for your office. Can I be 
of any further assistance? 


Yours truly, 
Tonio Malagazi, 
Criminal Records 


Michael R. Reynolds, 
Counsellor, 

49, Water Street, 
Chicago, Illinois. 


June 8, 1966 


Dear Tim, 

I am very upset that we cannot get away fishing. I have 
been appointed to the court this morning to defend a man 
who is going to be put on trial on a kidnapping charge 
tomorrow. I could have refused the appointment and 
McDeavot, the presiding judge, could have obviously replaced 
me by another counsellor. But this is the most extraordinary 
case you have ever heard of. It seems that the defendant has 
been charged and found guilty following a number of 
mistakes. It’s a long story. He is not only innosent but he 
has suffered a loss from a local book club. I shall handle the 
case with pleasure. It’s unbelievable but damned possible that 
a man who is absolutely innocent can get into such a mess 
in our days of computers. It will not take much time. I have 
requested McDeavot to meet me one hour before the hearing 
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so that I shall have time to explain to him the root of the 
trouble. Then I shall discuss the losses and gains with my 
client. Let’s go fishing next Sunday? 


Yours 
Michael 


Michael R. Reynolds, 
Counsellor, 

49, Water Street, 
Chicago, Illinois. 


June 10, 1966 
Dear Tim, 
I am in a hurry. No fishing trip next Sunday! I am upset. 
You wouldn’t believe it. My client, as innocent as a lamb, 
has been sentenced to death without taking account of the 
extenuating circumstances because the “kidnapped” victim 
died. I explained to McDeavot everything, of course. The 
point was not to convince him. In less than three minutes 
I proved that my client couldn’t be put behind bars even for 
a while. But can you imagine that McDeavot could do 
absolutely nothing? The problem was that the guy had been 
found guilty according to the electronic cards. Since no legal 
card is available—it has never existed of course (I have no 
time to spare in order to explain to you why it is 
missing)—the judge has no alternative than to get out of the 
situation by resorting to the existing cards. And when there 
is a convict accused of crimes that are in the cards, the only 
lawful course of action for McDeavot to adopt is to sentence 
him to either life imprisonment or death. The law calls for 
death*penalty if the kidnapped victim dies. You know that 
with the introduction of electronic cards, the terms of appeal 
have been shortened under the new legislation. This 
eliminates unreasonable delays and lessens the anxiety of the 
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accused. So, I have five days to lodge the appeal and ten 
days to receive a positive answer. 

It goes without saying that I shall not appeal against the 
court’s decision. I shall ask for a pardon from the Governor 
directly and we shall so do away with this grim farce. 
McDeavot has already written to the Governor. He explained 
that the court’s decision had been ridiculous but there had 
been no other choice. The two of us must secure speedy 
pardon. I shall fight them vehemently... And we shall go 
fishing. 

Yours very truly, 
Michael 


Office of the Governor of Illinois 


June 17, 1966 
Mr Michael R. Reynolds, 


Counsellor, 
49, Water Street, 
Chicago, Ilhnois. 


Dear Sir, 
In response to your pardon appeal regarding Walter 
A. CHILD (A. WALTER), I take the liberty to inform you 
that the Governor is absent. He is on a visit to Berlin with 
the Middle Western Committee of Governors. He will be 
back next Friday. I shall hand your appeal and your letter 
after his arrival. 

Yours truly, 

Clara B. Jilks, 

Secretary 
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June 27, 1966 
Mr Michael R. Reynolds, 
Counsellor, 
49, Water Street, 
Chicago, Illinois. 


Dear Michael, 
Where is the pardon? I shall be executed in five days! 


Walt 


Michael R. Reynolds, 


Counsellor, 
49, Water Street, 


Chicago, Illinois. 


June 29, 1966 
Mr Walter A. Child, 


Cell Block E, 


Illinois State Penitentiary. 


Dear Walt, 

The Governor came back but has been summoned to the 
White House to discuss the federal sewage system. I have 
settled at a landing and I shall intercept him as soon as he 
arrives. 

In the meantime, I agree that your situation is critical. 
Warden McGruder will hand you this letter and will speak 
with you privately. I suggest you to listen to what he may 
say to you. I enclose letters from your family. They also beg 
you to follow McGruder’s advice. 


Yours Michael 
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Walter A. Child’s letter delivered to Michael R. Reynolds 
by Warden McGruder: 


Dear Michael, 

Warden was informed that the Governor had come back 
when we spoke with him in my cell. Tomorrow is Friday, 
and the Governor will be in his office early in the morning. 
So you will have enough time to get the pardon signed and 
delivered to the jail so as to suspend the execution scheduled 
for Saturday. I have rejected Warden’s kindly proposal to 
arrange an escape for me. He couldn’t guarantee that all the 
guards would be removed from my way out at the exact 
moment of the break. This means that there might be 

a chance that I shall be shot dead. Now, things must have 
come right. In fact, this phantastic story must ever collapse 
under its own weight. 


Yours very truly, 
Walt 


To the Sovereign State of Illinois 


I, Hubert Daniel Wilkins, the Governor of Illinois, being 
vested with the authority and rights according to this post 
and feeling it to be in my power to pardon—in obeyance of 
the voice of my conscience—those who have been unfairly 
sentenced or deserve pardon, declare and pronounce on July 
1, 1966, that Walter A. Child (A. Walter)—who is now in jail 
following an erroneous court decision about a crime he is 
absolutely innocent of—is completely acquitted of the above 
crime. The responsible authorities who keep the above Walter 
A. Child in custody are bound to release him wherever he 
might be without hindrance. 


—- ~~. 
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Interdepartmental Notice Office 


Do not bend, roll up or damage this card in any 


other way. 
Breach of documentation draw up formalities 


To: Governor WILKINS, Hubert Daniel 
For: Pardon granted to CHILD Walter A. on July 1, 1966 


Dear Sir, 

You have omitted to mention your reference No. Would you 
resubmit the document in question together with this card 
and No. 876 form which would prove your right to designate 
the document “Very Urgent”. The form No. 876 should be 
signed by your superior. 

The Notice Office will be open on Tuesday, July 5, 1966. 
Warning: A failure to present No. 876 form being duly 
signed may lead to holding you responsible for the misuse of 
State employee’s authority. A warrant can be issued to arrest 
you. 


There are no exclusions. You are warned. 
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I have got a full house of various notes on cybernetics that have 
piled up in the course of many years. However, whenever I try to 
put some of them to a useful purpose, I feel embarrased, for they 
are absolutely incompatible with any other material. 

At the same time, this small collection sheds light on many 
aspects that have connection with cybernetics. But the main point is 
that these tiny pieces of information make you think, smile, 
philosophize, rejoice or feel sorry. 


“Everything good comes from man,” Mikhail Prishvin used to 
say. But he subtly distinguished between one man and the other. 

One heard radio for the first time and couldn’t believe it. He 
got fascinated and started to ask questions, trying to grasp the 
essence of the thing. Another man was uninterested in any 
explanations. He became at once a consumer who thought that any 
thing was designed to suit his person. Such a man is “modern”. He 
considers any invention, no matter how intricate this might be, 
a commonplace and his attitude towards it is the same as our 
attitude towards the forces of nature. He does not care about any 
Koperniks, Galileis and other “martyrs of science”. It doesn’t bother 
him that they took pains. Let the sun shine to us but he needs 
electricity. We may content with wind, but he cannot manage 
without a fan. Everything is normal; he is safe, that means that he 
does not suffer from any martyrdom. The only martyrdom is, as far 
as he is concerned, to make his way in life and to take possession 
of all its treasures. 


When I learned how delicately, in a “cybernetic way”, people of 
the past had comprehended the so-called second nature, I was not 
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only surprised but even struck. L. Burdo wrote in Forces of Industry 
at the outset of this century that numerous machines of various 
design and modes of operation form a sort of new natural kingdom 
that stands between the world of inorganic things and living beings, 
possessing the passive characteristics of the former and the ability to 
function of the latter which it puts to useful purpose for our benefit. 
Machines are a kind of imitations of animated beings which can 
urge an inert matter to function regularly. Their steel skeletons and 
steel organs, muscles in the form of belts, fiery souls, puffing breath 
accompanied by an emission of steam and smoke, a regular pattern 
of motion, the shrill and sad whistles that are heard from time to 
time as an expression of physical effort or even pain—all this makes 
them phantastically animated and a cause of the day-dreams of 
inorganic life. 


The materialistic philosopher Paul Lafargue was more 
determined in his deliberations: “The future belongs to the machine. 
It will replace man in all fields of production, even in constructing 
other machines. It will reproduce itself, leaving supervisory role to 
people. This role will have a limited scope, for electricity will be 
used instead of the nervous system.” 

Have you ever given a second thought to the problems that 
might arise in the course of man/machine interaction? 

A computer that has been installed at a works to solve 
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managerial problems has deprived the shop superintendants of their 
main instrument of control, that is of information. 

Some situations sound awkward. 

Once, the computer specified a work order for a shop. The 
foreman at the shop floor had read the assignment and teletyped 
back with malicious joy (“So, at last this robot had erred!”) that 
the job cannot be fulfilled due to the lack of necessary parts. Before 
he stepped aside, the teletype came into operation again: the robot 
insisted that the parts were available. The foreman checked for the 
parts once more but found none. The computer stood, however, 
firm. A protracted altercation followed. Finally, the computer rattled 
off that the parts in question had been made in a certain shop on 
the preceding day and had been shipped to the shop concerned over 
a certain route. That meant that the parts must be somewhere 
around and should be looked for. A search which followed revealed 
that the storekeeper had hidden the parts, being aware that they 
were in’ short supply. 


The same theme can be continued on somewhat different lines. 

Every time when the vice-president of one of the biggest US 
investment corporations Walston & Co Hedderer entered alone the 
room where the company’s computer had been installed, he made 
extra holes in perforated cards. When these cards were introduced 
into the computer, the machine transferred some of the company’s 
assets to the bank account of the Hedderers. The inventive fraud 
continued for eight years. 

Hedderer wasn’t alone. His numerous followers have committed 
thousands of crimes with the computer as a helpmate in Western 
Europe and the USA. The criminals owe much of their success to 
the fact that auditing has been abolished at banks and elsewhere 
with the introduction of computers. People have come to believe in 
the infallibility of the computer so much that they have failed to 
notice the fraudulent tricks. 

The situation went from bad to worse so that at last Lloyd’s 
introduced a new type of service: insurance against computorized 
fraud. 

However, it has appeared that computers “object” their criminal 
implications. Ward, 29, a San Francisco computer expert, was 
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caught red handed during an attempt to steal information from 

a computer storage because the computer “complained” that it had 
been used improperly. The information Ward had stolen on previous 
occasions costed $25 000. 


Computers have foes of other kinds which also operate secretly. 
A Nylon shirt, an all-wool sweater or a radar at a nearby airport 
can be a source of erroneous operation. The static charge generated 
when a computer operator wearing a woollen jumper stands up 
from his chair can trigger a relay in the computer circuitry if the 
operator touches a switch on the control panel at that instant. 

A person can accumulate a charge as high as five thousand 
volts due to walking in a room with a synthetic carpet on the floor 
when the relative humidity is around thirty per cent. A discharge of 
this electricity causes him to feel a slight prick. The computer is 
susceptible to a charge of two thousand volts which can bring 
about a switching operation. 

The main danger hides, however, outside the walls of computer 
centres. So, in the USA a radar at an airfield located at a distance 
of a few hundred metres from an Internal Revenue System computer 
has totally erased all information kept in the computer storage. No 
duplicate storage has been provided and the lost information has 
never been restored. Similarly dangerous are the radio stations 
located in close proximity to computers. 


The computer is an intelligent machine. It is used in scientific 
research on a much wider scale than elsewhere. For reasons that are 
unknown, scientists aren’t, however, plagued by the idea that they 
might be supplanted by the computer. Why are then physicians, 
poets, teachers and composers so worried about a similar prospect? 
Isn’t an inertia of thoughts the cause? It may be so. In the realms 
where the computer is a commonplace and the sphere of its 
application is well defined there is no basis for anxiety. But it may 
exist in newly-created applications. 

This note dates back for a quarter-of-a-century. Has anything 
changed regarding the computer application since then? I believe 
that no changes are evident. Could it be then that the inertia of 
thoughts is not the real cause? 
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I am intrigued; does everybody realize the compass of 
computer’s computing ability? 

We all know that the ratio n which equals 3.14159265 + 
virtually bewitched many mathematicians of the past. Attempts were 
made to calculate it to a maximum possible number of digits after 
the decimal point. For example, 
3.141592653589793238462643383279 +. But that’s not a record. This 
numeral has only thirty digits after the decimal point. The 
mathematician Shanks spent all his life in calculating the ratio 
m accurately up to the 707th digit after the decimal point. In 
commemoration of this feat, his tombstone bears no inscription save 
the character 7. 

A modern computer can calculate this value up to the 
100 000th digit after the decimal point in several hours. One who 
would try to put this numeral down would require at least 250 
metres of space. 


At whatever places and on whatever occasions weren’t used 
computers? Here is one more fascinating example. 

A scow tied up allongside the motorship Leo Tolstoi at Ust 
Kamchatsk port was torn off and carried away into the sea by 
a gale. The skipper Vasiliy Savochkin aboard the scow fired distress 
flares but nobody spotted them in blizzard. Wind and current 
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dragged the boat into the ocean. A rescue operation in which ships, 
aircraft and helicopters had taken part was unsuccessful due to bad 
weather. 

A computer came then to the rescue. Given the velocity and 
the direction of wind and the velocity and the set of current, it 
reckoned the position of the scow. It appeared to be exact. The 
boat was brought back into the home port. 

The seaman V. Savochkin drifted in the stormy Pacific for six 
days. He met the New Year of 1971 in unusual and hazardful 
surroundings. And likewise unusual was his rescue. He was 
surprised when he learned all the details. 


Reading about logic, I learned that there was sense to develop 
a kind of “gray” logic that would differ from the “black-and-white” 
logic functioning in accordance with the “yes-and-no” principle. 
Moreover, it appeared that some scientists argued that “modern 
digital computers were a metallic materialization of the rudimentary 
linear logic taught at school”. They referred to “physiological facts” 
that would enable the designing of new computers that would be 
less logical but more intelligent than the existing computers. 

An expert who reviewed this book became angry with the note 
about “gray” logic. He wrote to me in a temper: “The deliberations 
about logic are telegraphic and incomprehensible.” And continued: 
“A number of key problems have appeared in cybernetics during the 
recent decade and it is practical to discuss them in the book like 
Cybernetic Medley. The point is that the problems in question will 
decide the type and the direction of the trend which cybernetics or, 
to be precise, the so-called ‘artificial intellect’ is likely to take next.” 

One of the key problems has been included in the book on the 
expert’s suggestion. 

The reader at large must be informed about the “nonrigorous 
mathematics” of L. Zadeh, a well-known US authority in automatic 
control and system engineering. A global rejection of rigorous 
mathematics leading to a “reappraisal of values” is called for. 
Although the model of Zadeh is still weak and “Saul hasn’t turned 
into Paul yet”, we are going to witness in a few years a speedy 
progress of an absolutely new in its spirit nonrigorous mathematics 
which has already outgrown the cradle of classical concepts. This 
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will bring us close to a new concept of formal logic, to the 
rejection of the Aristotelian syllogism which previously appeared to 
be the only possible form of logic. To ponder over the real world 
(rather than over the world of statements as Aristotel), we shall 
resort to pseudophysical logics of various kind. They are 
indispensable for man and will be indispensable for the systems of 
artificial intellect that are being developed. 

Another expert who had also reviewed the book mentioned in 
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this connection: “It would be of course naive to expect that all the 
difficulties of the ‘artificial intellect’ could be bridged within the 
framework of Zadeh’s approach only.” Let time be their arbiter. 

In these days when everyone worships the computer and 
cybernetics, if not feels crazy about them, any word signifying that 
there exists still something which neither lends itself to 
computerization nor obeys the demon of cybernetization sounds 
encouraging. 

So, I have learned from an interesting book Historie du climat 
depuis Pan 1000 by Le Roy Ladorie that the pattern of climatic 
changes is irregular and therefore indeterminable with the aid of 
cybernetics. Moreover, the problems arising in modern natural 
science call for the application of systemology—a discipline which, 
unlike cybernetics, is concerned with the systems that are neither 
controllable nor capable of exercising control. 
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Marvin L. Minsky is an American author frequently cited in sci-fic 
books on cybernetics. Consider his inter alia deliberations regarding 
intellectuality. 

“Whenever we contemplate artificial reasoning we have in mind 
producing machines and programmes for solving the problems that 
are thought of as being intellectual. Artificial reasoning defined may 
vary of course depending on what kind of activity is regarded as 
being intellectual. Intellectuality can be defined only with respect to 
a measured incomprehension on the part of an observer. An 
approach which is clear in all details would hardly deserve the 
exertion of mystic intellectuality. Most mathematicians have 
experience in this respect. It’s difficult to nourish the feeling that 
a theorem is profound if its proof has been comprehended. 
Comprehension brings about a feeling of loss. There are already 
computer programmes which provide for solving problems that 
would come under the category of intellectual if offered to man.” 

The above passage is a splendid answer to those who say that 
they would accept the reality of machine reasoning only when the 
computer would prove Fermat’s theorem. Don’t you think that we 
too frequently demand from the machine much more than from 
man? 


Not infrequently scientists address angry words not only to 
intelligent machines but to intelligent persons as well. 

According to the British scientist R. Bearl, it is not at all 
unlikely that an extreme narrow-mindedness of human beings is one 
of the reasons for developing a reasoning machine. 

Another scientist named Bremerman has determined the upper 
limit of machine’s computing ability. He has proved that a computer 
cannot process more than 10*”’ bits per gramme of its mass in 
a second. 

I wonder how can a computer, even one of ultimate 
intelligence, help the author Edmund Low in his problem which he 
is tackling already for thirteen years out of sheer curosity. He has 
decided to test the cuisine of New York City’s restaurants for 
quality and versatility. To that end, he orders his dinners from the 
menus in the alphabetical order. He has reached the letter M and 
has tasted so far 2500 dishes. 


5% Motley Notes 


A street-lamp in front of the library of the Massachusetts 
Institute of Technology has been fitted with a “magic eye” that 
switched the lamp on with the outset of darkness. But as soon as 
the lamp is light, the night ceases to exist and the “magic eye” 
turns it off. According to the most recent information, the lamp 
winks unceasingly from sunset to daybreak. 


The book Computers and Common Sense by Professor Mortimer 
Taube of Columbia University that was published in Russian in 
1964 by Progress Publishers had caused much fuss. The author 
dared to say amidst the virtually unanimous praising of cybernetics 
and all things associated with it: 

“The term ‘simulation’ which is encountered in man-machine 
discussions is almost as troublesome as the term ‘brain’. ‘Simulation’ 
obviously admits of degree; more importantly, it may be partial or 
abstract. For example, a pound of cheese can be simulated by 
placing a pound piece of metal opposite on a scale. That is, the 
weight of the cheese is simulated but not its flavour, aroma, or 
nutritive properties. It may be argued that the weight is the 
‘essential’ character of the cheese and that when the weight has been 
simulated all other properties may be regarded as trivia. 

“It is unfortunately true that most of the literature on the 
simulation of brains by machines partakes of this character.” 

Unfortunately, the Columbia University’s professor himself also 
argues with an irony against his point of view. The cyberneticians 


3 97 Motley Notes 


who consider mechanical intellect do not place the cheese on one 
scale and just the weight on the other. They say that they intend 
not only to simulate the functions of brain but to reproduce them 
as well. In fact, it’s difficult to say that an aircraft exactly simulates 
the flight of a bird, but it flies. Likewise, the computer does not 
exhaustively simulate, for example, the game of chess, but it plays 
chess, 

The US philosopher Hubert Dreyfus wrote the book What 
Computers Can’t Do which attracted no less attention. Published in 
Russian in 1978, it was imbued with scepticism regarding the 
development of mechanical intellect. 

Taube’s Computers and Common Sense bore the subtitle The 
Myth of Thinking Machines. The subtitle of Dreyfus’ book was 
A Critique of Artificial Reason. The subject matter of discussions in 
the 1960’s was thinking machines. Now it is mechanical intellect. 
But the essence hasn’t changed; can machine think? 


I often ask myself the question: what is my attitude towards 
intelligent machines? And the following story comes invariably to 
my mind as the answer. 

Computers are widely used in accounting in Great Britain and 
elsewhere. An owner of a business who had installed a generator set 
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ceased to use the mains supply. Nevertheless, the computer sent him 
a power bill for £0.00 in due time which appeared to be justifiable. 
To pay such a bill was no sense and the owner threw it therefore 
into the paper basket. Very soon after that another bill arrived and 
then still another with a threatening warning. The owner had sent 
a cheque for £0.00 which pacified the computer. 

That had nothing to do with intellect, it was pure logic. And 
couldn’t machines acquire intellect? They wouldn’t then be willing to 
remain machines... 


To the Reader 


Mir Publishers welcome your comments on the contents, 
translation, and design of the book. 

We would also be pleased to receive any suggestions you 
care to make about our future publications. 


Our address is: 

USSR, 129820, 

Moscow, I-110, GSP, 
Pervy Rizhsky Pereulok, 2, 
Mir Publishers 


Printed in the Union of Soviet Socialist Republics 


CYBERNETICS TODAY: ACHIEVEMENTS, 
CHALLENGES, PROSPECTS 


Edited by I. Makarov, Assoc. Fellow, USSR Acad. Sc. 
ae 


The book has been written by a team of leading Soviet authorities 
in the field of cybernetics, among them Academicians 

O. Belotserkovsky, V. Glushkov, B. Petrov, A. Kolmogorov, 

E. Velikhov. Approaching the subject from various points of view, the 
contributors examine the key problems of cybernetics, both theoretical 
and applied. In doing so, they draw upon a wide range of 
disciplines related to cybernetics in one way or another. Ample 
space is devoted to the economic aspects of informational technology, 
man-machine systems and interactions, and the prospects of 
cybernetics in the future, notably the creation of the artificial 
intellect novel for computers, and advanced robots. All this—and 
more—comes as first-hand information from men in the forefront 

of present-day science. 

The book will undoubtedly be of interest to all those interested 

in, or®*concerned with, cybernetics or allied fields. 


= 
“era ay 
Sie ae kc 


oh ah 


